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NOTES  ON  MANUFACTUEE  AND  PROPERTIES  OF 
MALLEABLE  CAST-IRON. 


By  H.  R.  Stanford,  Assoc.  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1895. 


If  any  systematic  and  scientific  study  has  been  made  of  malleable 
cast-iron,  the  results  have  been  very  carefully  kept  private.  The 
reason  for  the  apparent  neglect  may  be  that,  until  recently,  only  very 
unimportant  shapes,  as  far  as  strength  and  uniformity  were  concerned, 
were  made  by  the  process,  and  specifications  and  inspections  were  not 
needed.  The  late  extensive  use  of  malleable  cast-iron  in  the  Master 
Car  Builders'  vertical  plane  coupler  required  the  metal  in  a  form  in 
which  it  was  subjected  to  very  hard  and  uncertain  usage,  and  where 
failure  to  withstand  that  usage  might  result  in  serious  loss  of  life  as 
well  as  property.  The  importance  of  quality  in  the  casting  led  to  the 
drop  test  being  inserted  in  the  Master  Car  Builders'  specifications,  and 
malleable  cast-iron  was  first  subjected  to  test  treatment.  In  the  hope 
of  arousing  ideas   and  discussions  on  this  by  no  means  simple  and 
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unimportanl  industry,  the  following  methods  and  opinion!  are  sui>- 
mitted. 

Malleable  oast-iron  is  mad.'  principally  from  oharooal  pig  iron  and 
■  percentage  of  Borap  or  Bprne  Buffioienl  t<»  use  tin-  culled  work,  gal 
runners  and  shrinkers  thai  may  resull  from  the  continued  application 
of  the  process.  Alter  analyzing  a  number  of  kinds  of  pig  iron,  the 
author  was  Led  to  believe  thai  ooke  pig  Iron  might  just  as  well  be  used 
as  oharooal  pig,  and  developments  have  fully  justified  the  assumption. 
The  main  difference  between  oharooal  and  coke  pig  iron  is  in  tin-  per- 
centage <>!' sulphur  and  in  the  cost;  but  if  a  good  quality  of  coke  is 
used,  tin1  sulphur  is  not  high  enough  in  the  coke  iron  to  affect  its  use. 
Iu  Table  No.  1  are  results  of  chemical  analyses  and  of  physical  tests  of 
bars  made  from  the  different  pig  irons,  and  upon  those  results  the  use 
of  charcoal  iron  was  discontinued  when  the  iron  in  stock  was  exhausted. 

Sprue  amounts  to  from  20%  in  heats  for  coupler  or  heavy  work  to 
40  or  50%  in  light  carriage  work.  An  addition  of  4:%  of  heavy  an- 
nealed scrap  was  introduced  very  successfully  into  all  charges,  and  a 
large  accumulation  of  the  cheap  and  undesirable  iron  was  disposed  of. 
As  much  as  18,%  of  annealed  and  broken  couplers  was  tried  experi- 
mentally in  a  charge  for  a  coupler  heat,  and  the  resulting  material  was 
excellent,  as  far  as  quality  was  concerned,  but  the  surfaces  were  not 
smooth  and  gave  an  impression  of  pock-marks.  As  annealed  scrap 
can  be  secured  at  $4  a  ton,  and  as  a  great  many  will  take  no  excep- 
tion to  a  rough-looking  casting  if  of  good  quality,  it  seems  as  though, 
there  might  be  a  use  for  the  piles  of  broken  couplers  which  a  day's 
ride  can  hardly  help  revealing. 

The  furnaces  used  in  melting  malleable  cast-iron  are  cupolas  and 
open-hearth  furnaces.  The  open-hearth  furnaces  which  the  author  has 
used  are  of  two  types,  a  straight  forced-draught  furnace,  using  a  good 
hard,  close,  bituminous  coal  as  a  fuel,  with  an  air  pressure  of  4  or  5 
ozs.,  and  a  Siemens -Martin  furnace,  using  oil  as  the  fuel.  Fig.  1 
shows  sketches  of  the  straight-draught  furnace.  In  this  furnace  the 
fire  was  entirely  drawn  after  the  day's  heats,  and  with  no  repairs  could 
be  used  about  three  days.  After  three  days  the  bottom  needed  a  little 
fixing  and  the  sides  a  little  plaster,  requiring  an  hour  or  two  for  the 
work.  A  renewal  of  some  of  the  brickwork  was  necessary  about  every 
six  months.  A  charge  of  6  tons  would  be  ready  to  tap  three  and  one- 
quarter  hours  from  the  time  it  was  charged.     The  consumption  of  fuel 
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depended  on  the  number  of  tons  a  day  melted,  a  certain  amount  of  coal 
being  necessary  to  heat  the  furnace  for  the  first  charge,  whether  9  or  20 
tons  were  melted.  If  9  tons  were  melted,  the  coal  consumed  amounted 
to  0.6  lb.  per  pound  of  iron,  and  if  20  tons,  to  0.45  lb.  per  pound.  The 
furnace  loss  was  about  4:%  of  the  charge.  Two  men  were  needed  to 
operate  the  furnace,  the  melter  and  the  fireman;  and  four  additional  men 
were  needed  for  about  15  minutes  for  charging  each  5-ton  heat.  The  Sie- 
mens-Martin furnace,  with  oil  as  a  fuel,  was  of  the  nature  of  an  ex- 
periment. The  furnace  had  a  capacity  of  about  8  tons,  and  was 
equipped  with  three  oil  burners  at  each  end.  As  operated  practically, 
that  is,  fired  hard  for  12  hours,  the  consumption  of  oil  was  450  galls, 
in  24  hours.  The  checkers  were  used  only  for  heating  the  air  which 
was  used  in  addition  to  that  for  atomizing  the  oil.  Air  was  found 
far  superior  to  steam  as  an  atomizing  agent,  and  was  supplied  by  a 
compressor  working  under  an  accumulator  pressure  of  about  60  lbs. 
At  times  there  was  considerable  water  in  the  air  as  delivered  at  the 
burners,  and  to  convert  that  water  into  superheated  steam,  rather  than 
to  heat  the  atomizing  air,  the  air  blast  was  conducted  through  a  hot 
coil  just  before  reaching  the  furnace.  Oil,  even  when  burnt  with  an 
excess  of  air,  seems  to  decarburize  the  charge  very  little,  differing  in 
this  respect  very  materially  from  producer  gas.  The  advantage  of  the 
oil  furnace  was  in  the  saving  of  fuel  cost  (which  saving  is,  of  course, 
a  function  of  location  of  plant),  in  having  no  ashes  or  refuse  to  deal 
with,  and  in  having  a  furnace  which  could  be  used  to  suit  the  conven- 
ience of  the  molders  without  a  corresponding  fuel  and  attendance 
loss.  The  great  disadvantage,  which  might  be  overcome  by  additional 
experience,  was  that  the  checkers  became  clogged  too  soon,  and  too 
much  time  was  required  for  cooling  down,  cleaning  and  reheating. 
The  labor  to  operate  amounted  to  about  25%  more  than  was  required 
to  operate  the  coal  furnace.  The  furnace  loss  amounted  to  5  per  cent. 
The  manipulation  of  the  charge  in  the  oil  furnace  was  practically 
the  same  as  in  the  coal  furnace,  and  the  times  for  melting  and  heating 
were  also  nearly  the  same.  About  one  hour  and  a  half  was  required  to 
melt  completely  6  tons,  the  solid  masses  being  shifted  to  hurry  the  melt- 
ing. After  the  charge  was  melted,  it  was  frequently  rabbled,  and  the 
surface  skimmed  clean  of  all  slag  after  the  first  good  rabbling.  Just 
before  tapping,  a  second  skimming  was  made.  Two  tests  were  made 
before  tapping  a  charge  ;  the  first  to  see  if  the  iron  was  "  high  enough," 
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that  is,  to  see  if  in  the  heaviest  form  into  which  it  was  t<.  be  poured  the 
carbon  would  be  practically  all  in  the  combined  state.  The  determina- 
tion for  a  charge  for  ordinary  heavy  castings  was  made  by  dipping  out  a 
little  of  the  iron  and  pouring  a  bar  about  4  ins.  long  and  1  in.  in  diam- 
eter, and  after  it  had  set,  cooling  it  carefully  in  water.  If  cooled  too 
rapidly,  the  shrinkage  was  such  that  nothing  could  be  told  by  the  fract- 
ure, but  if  properly  handled,  in  four  minutes  from  the  time  of  dipping 
out  the  iron  the  bar  could  be  cast,  cooled  and  broken.  If  the  iron  was 
"high  enough,"  the  fracture  would  be  entirely  white,  but  if  not,  there 
would  be  little  spots  of  graphite  about  the  size  of  the  head  of  a  small 
pin,  and  more  or  less  numerous,  depending  upon  whether  the  iron  needed 
much  more  or  little  more  time  in  the  furnace.  The  second  test  was  for 
fluidity  and  was  made  entirely  by  eye,  using  blue  spectacles  for  protec- 
tion. If  thin  enough,  the  iron  was  a  clear  wrhite  ;  but  if  not  it  had  a  kind 
of  dark  hue  not  easily  described.  If  the  charge  was  intended  for  car 
couplers  or  other  very  heavy  work,  the  test  bar  would  be  larger,  or 
about  If  ins.  in  diameter.  To  secure  thorough  mixing  in  the  furnace 
and  to  heat  the  hand  ladles  of  the  molders,  the  first  ladleful  drawn  by 
each  molder  was  returned  to  the  furnace  through  a  side  trough  ;  but, 
notwithstanding  the  precaution,  the  mixing  wras  very  imperfect,  as  may 
"be  judged  by  a  reference  to  the  first  form  in  Table  No.  4. 

The  cupola  was  used  very  advantageously  in  connection  with  the 
open-hearth  furnace.  It  was  used  for  the  lightest  patterns  and  for 
patterns  where  a  uniformly  superior  metal  was  not  of  vital  importance 
and  for  shapes  in  which  a  considerable  shrinkage  would  not  destroy  all 
strength.  The  lightest  patterns  were  placed  under  the  cupola  because 
the  fluidity  of  the  cupola  metal  was  greater  than  that  of  furnace  metal, 
due  to  the  higher  percentage  of  carbon  which  resulted  from  the  con- 
tact of  the  iron  with  the  coke  fuel.  Ordinarily,  if  the  charge  is  prop- 
erly introduced,  the  quality  of  the  product  is  very  good,  but  at  times 
the  iron  is  not  mixed  in  going  down  the  cupola,  and  gray  castings  re- 
sult. The  high  temperature  of  the  iron  and  the  excessive  hardness 
which  was  necessary  to  avoid  gray  iron  in  the  heavier  shapes  made  the 
shrinkage  of  cupola  iron  destructive  to  some  forms;  as,  for  instance,  a 
corner  iron.  In  the  cupola  a  much  larger  percentage  of  sprue  could 
be  used  than  in  the  furnace,  because  of  the  recarburizing  tendency  of 
the  fuel.  A  high  percentage  of  carbon  in  the  iron  is  necessary  for 
fluidity  and  clean  castings,  and  on  the  hearth  the  bath  loses  rather 
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khan  gains  carbon.     Ookewaa  used  fox  fuel,  and  a   -mall  quantity  of 

bells  or  Lime  served  to  oleao  the  iron  and  keep  fche  cupola  free 

from  Blag.      About  one  third  of  a  pound  of  coke  waa  used  in  melting 

1  II).  of  iron. 

For  small  work  hand  Ladles  with  a  capacity  of  abonl  40  lbs.  were 
used.  Bard  iron,  it'  at  fche  proper  temperature  for  small  work,  scintil- 
lates brightly  when  tapped,  differing  from  fche  more  globular  sputter- 
ing ^\'  gray  iron. 

( ire.  mi  sand,  with  a  mixture  of  plumbago  and  cement  for  a  facing,  was 

Used  for  molds.  Most  small  shapes  were  cast  with  several  pieces  on  a 
gate,  and  the  pieces  were  so  lightly  attached  to  the  runner  that  a 
Blight  blow  was  sufficient  to  detach  them.  Machines  were  advantage- 
ously used  for  making  most  molds. 

Depending  upon  the  form  of  the  castings,  they  were  next  either 
tumbled  or  pickled.  If  the  tumblers  were  filled  properly  it  was  sur- 
prising to  see  the  delicate  shapes  that  stood  the  treatment  without 
breaking.  The  pickle  was  a  very  dilute  sulphuric  acid,  which  was 
poured  over  the  castings,  and  after  being  allowed  to  stand  for  a 
short  time,  was  removed,  together  with  the  loosened  sand,  by  a  water 
bath.  The  hard  castings  were  then  inspected,  and  the  good  ones 
chipped  of  fins  and  gate  connections. 

After  chipping  and  sorting,  the  iron  was  taken  to  the  packing-room 
where  it  was  packed  in  pots  for  the  annealing  process.  In  order  to 
avoid  distortion  or  crooked  work,  and  to  get  as  much  as  possible  in  a 
pot,  considerable  care  had  to  be  exercised  in  the  packing.  Although 
the  pots  were  jarred,  and  the  packing  consolidated  as  much  as  pos- 
sible, there  was  always  a  further  settling  as  the  result  of  the  heat  in 
the  annealing  oven,  and  such  a  shape  as  a  rim  band  for  a  buggy  wheel, 
if  placed  with  its  axis  horizontal,  would  be  flattened  to  an  elliptical 
form  ;  whereas,  if  packed  with  its  axis  vertical,  the  band  would  settle 
with  the  packing  and  would  not  be  distorted.  Clean,  heavy  forge 
scales  seem  to  make  the  best  packing,  everything  considered. 

According  to  all  accounts  of  the  manufacture  of  malleable  cast- 
iron  which  the  author  has  been  able  to  find,  the  packing  must  be  an 
oxide  of  iron  scale  or  some  compound  which,  because  of  its  chemical 
composition,  with  a  certain  degree  of  heat,  can  exercise  a  decarburiz- 
ing  influence  upon  the  castings  which  it  surrounds  and  so  change  the 
casting  from  a  high  carbon  iron  to  a  carbonless  or  wrought  iron.     The 
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author's  opinion  is  tli.it  the  packing  need  not  be  necessarily  a  deoar- 
burizing  agent,  but  that  it  should  be  of  such  a  physical  form  that  it 
will  readily  fill  all  small  interstices  between  castings;  that  it  should  not 
fuse  or  slag  under  the  temperature  needed  for  annealing;  that  it  should 
not  adhere  strongly  to  the  castings  or  form  into  hard  lumps  increasing 
the  cost  of  dumping  and  of  tempering  the  packing,  and  that  it  should 
not  be  too  expensive.  The  analyses  and  tests  given  in  Tables  Nos.  2  and 
3  are  evidence  that  good 
malleable  cast-iron  is  not 
a  carbonless  iron.  An 
effort  to  anneal  a  brake 
shoe,  so  that  the  surface 
would  be  part  hard  and 
part  soft,  led  to  some 
specially  prepared  pots  in 
which  black  oxide  of 
manganese,  clean  river 
sand  and  sand  mixed 
with  a  large  proportion 
of  ferro-cyanide  of  potas- 
sium were  used  respect- 
ively. In  every  case  the 
iron  was  as  soft  and  mal- 
leable as  it  could  possi- 
bly have  been  by  any 
treatment.  A  sprinkling 
of  powdered  quicklime, 
after  the  packing  has 
been  tumbled  and  raked, 
and  moistened  a  little 
with  a  solution  of  sal  am- 
moniac, makes  it  less  liable  to  pack  hard  in  the  burning,  and  renders 
the  dumping  of  the  pots  much  easier.  Riddling  out  the  small  parti- 
cles of  dirt  and  scale  does  not  benefit  the  packing. 

Pots  were  best  made  for  convenience  and  economy  in  three  sections,, 
as  seen  in  Fig.  2.  A  pot  with  a  capacity  of  800  lbs.  of  iron  weighed 
750  lbs.,  and  lasted  for  about  five  heats  of  five  days  each.  Each  heat 
produced   a  heavy   scale   all   over   the    outside    of    the    pot,    which. 
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ilv  knocked  off  after  the  pol    bad   cooled,  bu\  limited  its  life, 

Before  the  poti  were  run   Into  tl ven,  in  order  to  keep  the  ores 

from  entering  them,  the  jointa  were  plastered  with  a  fire-olaj 
mortar.  To  proteol  the  pots  against  the  waste  caused  by  Boaling, 
l)»>a\  \  ooats  of  Lime,  of  oement,  of  ftre  olay  and  of  an  asbestos  oemenl 
were  snooessn  <l\  tried,  bn1  without  Buooess.  The  Lime  seemed  to  be 
the  beei  protector,  l»ut  the  pots  soaled  under  it  so  muoh  as  to 
make  the  labor  of  applying  the  whitewash  an  expense  rather  than  a 
saving.  A.  loaded  pot  weighed  aboni  1  ton  and  was  handled  by  sis 
men  with  a  oarriage.  Oil  was  superior  to  ooal  as  a  fuel  for  the  anneal- 
ing  oven,  not  so  much  from  the  standpoint  of  economy  as  because  of 
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Fig.  3. 

its  controllability  and  cleanliness.  Low-pressure  air  from  a  Koot  blower 
atomizes  the  oil  satisfactorily,  and  100  galls,  of  oil  per  burner  per  day 
was  about  the  consumption.  Fig.  3  shows  sketches  of  an  annealing 
oven.  The  temperature  maintained  was  a  bright  cherry,  and  was  deter- 
mined by  the  eye  through  peep  holes.  Too  high  a  temperature  wasted 
the  pots  needlessly,  burned  the  packing  hard,  and  neither  hastened  nor 
improved  the  annealing  of  the  iron.  The  time  required  to  anneal  iron 
varied  more  from  the  chemical  composition  than  from  the  size  or  thick- 
ness of  the  piece,  and  ranged  from  3  to  10  days,  including  the  time 
necessary  to  raise  the  heat  and  cool  the  pots. 
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Combustion  of  the  fuel  in  the  annealing  ovens  should  not  be  com- 
pleted in  the  fire-hole,  but  by  properly  manipulating  the  chimney  draft 
and  the  air  supply,  the  mixed  air  and  gas  should  slowly  drift  through 
the  oven  and  combine  as  they  come  in  contact  with  the  red-hot  pots. 
Uniformity  of  temperature  throughout  the  oven  is  to  be  obtained  only 
when  the  conditions  are  such  that  fuel  gas  is  burned  in  all  spaces  in 
the  enclosure. 

As  illustrating  the  above  point,  tho  effort  may  be  cited  to  economize 
fuel  in  annealing  by  doing  away  with  the  murkiness  which  character- 
ized the  gases  as  they  emerged  from  the  fire-hole  of  an  operating  oven, 
but  which,  the  projectors  of  the  experiment  failed  to  notice,  nearly  all 
disappeared  before  reaching  the  chimney  inlet.  The  murkiness  was 
rightly  attributed  to  incomplete  combustion  in  the  fire-hole,  and  the 
argument  at  the  base  of  the  experiment  was  that  if  the  air  used  for 
atomizing  the  oil  was  heated,  instead  of  being  injected  into  the  oven 
cold,  the  resulting  temperature  in  the  fire-hole  would  be  higher, 
and  a  larger  part  of  the  mixed  fuel  gas  and  air  would  combine  and 
the  amount  of  smoke  in  the  issuing  gases  would  be  decreased,  with  a 
corresponding  saving  in  fuel.  By  means  of  a  coil  placed  in  the  chim- 
ney the  atomizing  air  was  heated  to  a  temperature  of  several  hundred 
degrees  by  means  of  the  waste  heat  of  the  chimney.  The  device  was 
introduced  into  one  of  two  ovens,  precisely  alike  in  all  other  respects, 
and  located  side  by  side,  loaded  with  the  same  kind  of  iron  packed  and 
placed  in  the  same  way.  The  oven  heated  with  a  smoky  fire  completed 
the  work  in  four  and  one-half  days,  while  in  the  other  oven  the  oil 
valve  had  to  be  opened  wider  and  six  and  one-half  days  were  needed 
to  anneal  the  iron  farthest  removed  from  the  fire-hole,  while  the  iron 
in  the  pots  next  to  the  fire-hole  was  badly  burned. 

The  effect  of  composition  on  the  time  of  annealing  will  be  noticed 
later.  A  softer  metal  was  obtained  if  the  oven  doors  were  allowed  to 
remain  closed  for  at  least  one  day  after  the  firing  was  stopped,  and  the 
scaling  of  the  pots  was  much  diminished.  A  day  was  sufficient  to 
cool  the  pots  with  their  contents  to  a  black  heat.  Sometimes  iron  was 
packed  in  one  large  mass  or  bed,  filling  a  part  or  the  whole  of  the  oven. 
The  method  effected  a  saving  of  pots,  and  cost  no  more  in  labor  for 
packing,  but  was  at  a  great  disadvantage  in  time  required  to  anneal 
the  work  thoroughly,  in  labor  for  unpacking  and  in  the  percentage  of 
distorted  pieces.    A  grade  of  iron  requiring  five  days  to  anneal  if  packed 
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in  |»(iis  would  ic. pure-  Beves  days  if  packed  iii  ;•  bed.  A  per  potuid 
estimate  of  the  productive  oosl  of  annealing  iron,  based  on  an  oven 
heated  i>\  two  oil  burners  and  with  n  capacity  of  80  pots,  *  ■  - 1  *  - 1 1  loaded 

with  son  |l»s.  of  iron.  i>  ;i^  follows: 

Labor  packing  pots 0117  cent. 

Labor  Loading  oven* •  •• 0026 

Fuel  (inoluding  air  for  atomizing  and  attendance).     .0988  " 

Labor  unloading  oven 0025  " 

Labor  dumping  pots  and  picking  out  the  iron 0104  " 

Labor  tempering  and  handling  packing 0083  " 

Pots 1000  " 

Scale   for   packing 0208  " 

Total 2500      " 

Alter  being  annealed  the  freshly  dumped  iron  has  a  rich  blue  color, 
which  is  probably  given  by  a  thin  scale  and  is  entirely  lost  in  the 
tumbling  that  constitutes  the  last  step  in  the  process  for  making 
malleable  cast-iron.  Upon  the  use  which  is  to  be  made  of  the  iron 
depends  the  details  of  the  final  process.  For  shapes  where  appearance 
is  of  little  importance,  a  rough  tumbling  for  a  short  time  is  sufficient. 
For  pieces  such  as  handles  and  buggy  trimmings,  which  are  placed  in 
conspicuous  positions  and  are  sometimes  tinned  or  nickle-plated, 
a  further  treatment  is  necessary.  After  the  rough  tumbling  follows  a 
wet  tumbling,  in  tumblers  through  which  a  current  of  water  is  run- 
ning, which  thoroughly  cleanses  the  surfaces,  and  finally  a  dry  polish- 
ing tumbling  with  pieces  of  leather. 

Next  to  iron,  the  most  irnj)ortant  element  in  malleable  cast-iron  is 
carbon.  A  high  percentage  of  carbon  is  necessary  for  fluidity;  and 
fluidity  is  of  prime  importance,  not  only  that  the  percentage  of  lost 
molds  may  be  small,  but  that  the  iron  may  run  clean  and  smooth,  and 
the  resulting  work  have  a  perfect  surface.  For  strength  and  malle- 
ability the  unannealed  castings  must  have  no  graphitic  carbon,  but  the 
total  percentage  must  be  in  the  combined  state.  With  a  given  molten 
iron  at  a  certain  temperature,  if  the  iron  be  poured  into  a  mold 
of  a  certain  section  the  casting  will  contain  all  of  the  carbon  in 
the  combined  state,  and  the  fracture  of  the  annealed  specimen  will 
be  of  a  uniform  dark  fibrous  appearance.  If  the  mold  be  of  a 
smaller  section,  the  casting  made  from  the  same  iron  will  show  the 
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total  percentage  of  carbon  as  combined  carbon,  but  there  will  be  a 
surface  chill,  which  in  the  annealed  specimen  will  show  as  a  white 
skin.  If  the  mold  be  of  a  greater  section,  then  the  rate  of  cooling  of 
the  iron  will  be  so  slow  that  a  part  of  the  carbon  will  have  time  to 
separate  from  the  iron  as  graphitic  carbon,  and  will  show  in  the 
fractured  unannealed  casting  as  scattered  spots  of  graphite  about  as 
large  as  the  head  of  a  small  pin,  the  number  of  spots  increasing  with 
the  section  of  the  casting.  The  above  three  castings,  if  annealed, 
will  show  the  following  physical  properties.  The  first  will  have 
an  ultimate  strength  of  from  42  000  to  46  000  lbs. ,  and  will  stretch 
and  reduce  about  6%,  and  may  be  considered  a  most  desirable  iron. 
The  second  will  show  in  fracture  a  white  crystalline  skin,  increas- 
ing in  thickness  as  the  section  is  lighter,  with  a  black  fibrous  center; 
the  ultimate  strength  will  be  about  52  000  lbs.,  and  the  stretch 
and  reduction  about  S.5%;  if  the  section  is  so  light  that  the  whole 
fracture  is  white,  then  the  iron  will  be  very  malleable  and  tough. 
The  third  casting  will  be  little  better  than  gray  iron,  with  a  strength 
of  from  25  000  to  35  000  lbs.  depending  upon  the  percentage  of  graphite 
in  the  unannealed  iron,  and  with  practically  no  stretch  or  reduction. 

In  Tables  Nos.  2,  3  and  5,  all  specimens,  with  the  exception  of 
bars  No.  278  in  Table  No.  5,  are  examples  of  iron  included  between  the 
limits  of  the  first  and  second  cases  cited  above.  Bars  No.  278  were 
cast  from  a  cupola  melting  iron  for  a  very  light  class  of  work,  and 
samples  of  the  iron  which  were  tapped  at  the  time  the  bars  were  poured, 
.and  were  cast  in  light  forms  were  of  exceptionally  good  quality;  the  test 
bars,  however,  were  of  too  heavy  a  section  for  the  charge,  and  before 
being  annealed  showed  a  uniformly  gray  fracture.  It  is  noticeable 
that  the  period  of  anneal  does  not  seem  to  affect  the  strength  of  bars 
No.  278,  but  that  they  break  erratically,  a  behavior  explained  probably 
by  the  dogs  in  the  grip  of  the  machine  not  bearing  fairly  on  the 
specimen  as  introduced  and  necessitating  a  distortion  of  the  bar 
which  was  beyond  the  strength  of  gray  iron.  From  the  nature  of 
the  material  the  test  bars  could  not  with  justice  be  dressed.  In 
the  second  form  of  Table  No.  4  are  given  analyses  of  the  skin  and  of 
the  interior  of  a  test  bar  showing  the  difference  to  be  one  of  carbon. 
In  the  third  form  in  the  same  table  are  given  the  physical  properties 
of  the  interior  of  test  bars  of  two  different  heats,  the  samples  from 
the  same  heats  differing  only  in  time  annealed;  tests  of  untooled  bars 
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corresponding   vritb    the   above  ma\    be  Been    in   Table    No.  5.      The 
thickness  <>f  the  skin  of  the  teal  ban  averaged  aboul  ,',..  in. 

The  ohemioa]  action  id  the  furnaoe  seems  to  be  primarily  the  < ■• » 1 1 1 - 
bining  of  the  graphil  ic  carbon  <>f  the  charge  with  the  iron,  a  combina- 
tion made  possible  in  the  fused  mass  by  the  temperature;  and  sec- 
ond aril  \  a  small  burning  out  df  carbon  and  Blagging  nn\  0f  silicon  and 
manganese.  The  secret  of  mixing  is  in  using  material  containing  com- 
bined anil  graphitic  carbon  in  such  proportions  thai  at  the  tempera- 
ture best  adapted  for  pouring  the  graphitic  carbon  shall  all  have 
combined  with  t he  iron.  To  assist  in  preventing  chilling  in  the  mold, 
a  limited  amount  of  silicou  is  desirable.  A.  chill  is  objectionable  be- 
cause in  one  piece  there  will  l>e  two  different  kinds  of  iron  which  have 
different  physical  properties  and  which  do  not  act  the  same  in  service. 
lather  kind  of  iron  by  itself  would  be  stronger  than  in  combination 
with  the  other.  Chemical  action  involves  atoms;  therefore  if  all  car- 
lion  exists  in  the  combined  state  in  the  annealed  iron,  it  must  be 
distributed  through  the  mass  in  infinitesimally  small  particles,  and 
when  these  particles  are  liberated  from  the  iron  in  the  subsequent 
process  of  annealing,  they  must  each  be  enclosed  in  an  iron  cell.  Hence 
the  definition  might  be  given  for  malleable  cast-iron  that  it  is  essen- 
tially a  mixture  of  metallic  iron  and  graphitic  carbon,  the  carbon 
being  in  finely  divided  or  atomic  particles  and  the  iron  being  the 
matrix  for  these  particles.  Gray  iron  differs  from  malleable  cast-iron 
in  that  the  carbon,  instead  of  being  in  atomic  particles,  is  in  crystals, 
and  these  crystals  cut  the  iron  structure  and  make  it  discontinnous. 
In  malleable  cast-iron  the  continuous  cellular  iron  structure  is  respon- 
sible for  the  strength  of  the  product,  and  its  malleability  and  duc- 
tility are  limited  by  the  non-deformable  particles  of  graphite  which 
occupy  the  cells.  The  process  of  making  malleable  cast-iron  is  then 
first  to  make  the  hard,  brittle  carbide  of  iron  which  is  a  stable  com- 
pound at  ordinary  temperature.  This  step  is  possible  because  of  the 
affinity  of  iron  for  carbon  at  high  temperatures  and  the  inability  of 
the  carbon  to  separate  from  the  iron  in  the  limited  time  required 
for  the  compound  to  cool  in  molds  ;  and  secondly,  to  change  the 
carbon  from  the  combined  to  the  graphitic  state  by  annealing.  This 
step  is  possible  because  of  the  inability  of  the  iron  to  hold  carbon 
in  combination  if  the  compound  is  slowly  cooled  from  a  high  to  a  low 
temperature. 
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Shrinkage  is  a  function  of  casting  temperature,  and  tin-  nearer  tiae 

iron  is  to  the  gray  state  and  yet  shows  no  graphite  in  fracture,  the  less 
-will  lie  the  shrinkage.  The  normal  shrinkage  of  hard  iron  is  very 
nearly  £  in.  to  the  foot,  and  there  is  an  expansion  of  about  £  in.  to  tin- 
foot  as  the  effect  of  the  annealing  process,  so  that  the  net  shrinkage 
is  about  |  in.  to  the  foot,  or  about  the  same  as  for  gray  iron.  Inas- 
much as  shrinkage  depends  upon  the  condition  of  the  carbon,  and  the 
condition  of  the  carbon  depends  upon  the  section  of  the  molds,  and 
because  abnormal  shrinkage  is  so  undesirable,  the  necessity  arises  for 
different  mixtures  for  different  patterns.  The  shrinkage  of  cupola  iron 
prohibits  its  use  for  a  great  many  shapes,  because  of  the  imperfect 
mixing  that  necessarily  characterizes  cupola  melting,  and  because  of 
the  factor  of  safety  required  in  the  charge  to  be  sure  of  avoiding  gray 
iron  in  the  castings. 

After  carbon,  sulphur  is  the  next  important  element  in  malleable 
cast-iron.  Sulphur  tends  to  hold  the  carbon  in  combination  with  the 
iron  and  gives  a  stronger  product  because  of  the  semi-steel  which  it 
produces.  Sulphur  is  undesirable  because  of  the  hindrance  it  offers 
to  annealing.  The  shapes  ordinarily  made  by  this  process  need  not 
have  great  strength,  but  it  is  desirable  that  they  be  soft  and  capable 
of  bending,  and  that  the  time  of  manufacture  and  cost  be  as  low  as 
possible.  The  effect  of  sulphur  upon  strength  is  well  illustrated  in 
Table  No.  1.  To  show  how  sulphur  affects  the  time  necessary  to 
anneal,  couplers  which  analyzed  about  0.040%  in  sulphur,  and  in  which 
were  sections  about  H  ins.  thick,  were  thoroughly  annealed  in  37 
days,  while  iron  bands  for  buggy  wheels,  which  were  no  more  than 
-!%  in.  thick  and  analyzed  about  0. 150%  in  sulphur,  were  invariably 
hard  if  given  less  than  five  days.  If  sulphur  is  carried  as  high  as 
0.200%,  enough  carbon  is  retained  in  the  combined  state  to  give  to 
fractures  a  uniform  crystalline  appearance,  and  the  method  is  em- 
ployed to  make  a  so-called  hard  or  special  steel.  This  product  in 
ordinary  sections  does  not  anneal  in  less  than  nine  days.  Special 
pains  should  be  taken  when  buying  coke  for  cupola  melting  to  get  a 
coke  low  in  sulphur,  as  the  iron  coming  in  contact  with  the  fuel 
picks  up  sulphur,  and  delay  in  the  annealing  process,  with  the  accom- 
panying wastes,  is  the  result. 

The  bars  used  for  making  the  physical  tests  given  in  this  paper 
were  of  two  different  kinds.     For  all  heats  bearing  a  number  less  than 
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861,  ili«'  besl  ban  were  casl  rectangular  in  i  otion,  2  ins.  long  between 
Bhoulden,  and  approximately  j  in.  thick  and  i1  Ln.  pride,  and  as  shown 

in    lie    I 

it  being  <rerj  unusual  bo  machine  any  form  made  of  malleable 
cast-iron,  it  would  havr  been  unfair  t<>  prepare  the  test  ban  by  fll- 
Lng  or  dressing,  as  Buofc  breatmenl  would  have  removed  bhe  Btrongesl 
portion,  bhe  Bkin;  and  a  tool,  no  matter  hot*  sharp,  tends  to  drag  the 

natal    and   BO    leave    small    seratehes    or    fuiTOW8,    which    offer   starting 

plaoes  for  breaking.     An  undressed  cast  form  is  necessarily  irregular, 

and  tins  irregularity,  increased  by  tin-  draft  of  the  pattern,  made  the 
measurement  of  the  original  area  and  of  the  fractured  area  rather  un- 
Batisfaotorj  work,  and  that  the  error  might  be  partially  eliminated, 
B<  \etal  ban  of  each  kind  were  broken  and  the  results  averaged.  With 
bhe  idea  that  a  cylinder  can  be  cast  more  perfectly  than  a  rectangle  and 
that  in  a  cylinder  the  shrinkage  is  not  so  damaging  as  in  a  rectangle, 
the  form  of  the  test  bar  was  changed,  and,  beginning   with   specimen 


Fig.  4. 

No.  361,  a  bar  2  ins.  between  shoulders  and  It  in.  in  diameter  was  used. 
In  the  first  set  of  bars  the  unannealed  sample  was  obtained  from  the 
part  marked  A  in  the  sketch,  and  was  taken  from  the  same  bar,  which 
was  afterwards  drilled  in  the  flat  part  for  the  annealed  sample.  For 
the  cylindrical  specimens,  one  of  the  unannealed  bars  was  broken  and 
the  sample  taken  from  the  portion  \\  in.  in  diameter,  and  the  annealed 
specimen  was  taken  from  near  the  fracture  of  one  of  the  tested  bars. 
In  every  case  more  weight  should  be  given  to  elongation  than  to  re- 
duction of  area,  because  of  difficulties  in  determining  the  exact  areas 
for  computing  the  latter.  With  the  exception  of  one  case,  specially 
tabulated  in  Table  No.  2,  and  the  heats  tabulated  in  Table  No.  5,  the 
bars  composing  the  sets  were  cast  from  the  same  ladleful  of  iron,  drawn 
about  the  middle  ladleful  of  the  heat.  All  test  bars  received  the  same 
treatment  in  the  annealing  oven  as  far  as  position  in  the  annealing  pots 
and  location  in  the  oven  were  concerned. 

The  results  obtained  are  not  sufficiently  numerous  and  uniform  to 
warrant  any  general  conclusions  regarding  the  effect  of  manganese  and 
phosphorus  further  than  to  say  that  phosphorus  seems  to  be  a  very 
passive  element  and  anything  but  the  bugbear  which  it  is  in  steel.     A 
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limited  period  of  anneal,  judging  from  the  results  in  Table  No.  5, 
might  be  considered  as  giving  better  results  than  an  indefinitely  longer 
one,  both  as  regards  strength  and  malleability.  The  fact  that  there 
was  no  sure  way  of  telling  whether  bars  were  thoroughly  annealed 
and  yet  not  weakened  by  over  anneal  makes  the  physical  results  given 
a  little  uncertain  as  representing  an  iron  corresponding  to  the  analyses 
accompanying  the  results,  and  only  by  averages  of  many  tests  can  the 
truth  be  known. 

The  chemical  composition  of  the  specimens  in  Table  No.  5  is  not 
given,  as  at  the  time  those  bars  were  cast  the  importance  of  pouring 
all  the  bars  in  one  set  from  one  ladleful,  in  order  to  have  them  of  the 
same  composition,  was  not  appreciated.  As  there  were  so  many  bars 
in  those  sets,  several  ladlefuls  of  iron  were  required  to  pour  them, 
and  being  drawn  by  one  man  they  differed  widely,  and,  therefore, 
the  analyses  are  not  reliable.  Carbon,  however,  seems  to  be  little 
affected,  either  in  total  percentage  or  combined  carbon,  and  the  other 
impurities  are  not  affected  at  all. 

The  difference  in  the  average  percentage  of  loss  of  carbon  in  Tables 
Nos.  2  and  3  may  reasonably  be  attributed  to  the  difference  in  the  form 
of  the  test  bars  in  the  two  tables.  In  Table  No.  2  the  bars  were  rect- 
angular and  the  average  loss  of  carbon  is  over  50%  more  than  for  the 
cylindrical  bars  in  Table  No.  3.  To  get  the  drillings  a  -iVin.  drill  was 
used  and  was  entered  into  the  bar  in  both  cases  till  it  became  fouled  in 
the  skin  on  the  other  side  of  the  bar.  Allowing  the  skin  to  be  Tt  in. 
thick  in  the  rectangular  bar,  -^  in.  of  center  was  added  to  the 
drilled  sample  and  -x-b-  in.  of  skin,  while  in  the  cylindrical  bars  yi  in.  of 
center  was  taken  and  to  in.  of  skin.  From  the  second  form  in  Table 
No.  4:  the  skin  is  seen  to  be  much  lower  in  total  carbon  and  higher  in 
combined  carbon  than  the  interior,  and  making  allowance  for  the  differ- 
ence, the  real  loss  of  carbon  for  the  two  tables  is  found  to  be  nearly 
the   same. 

The  chemical  results  presented  in  this  paper  were  obtained  by 
methods  elaborated  in  the  work  by  Blair  on  the  ' '  Chemical  Analysis  of 
Iron  "  and  in  general  were  as  follows :  The  total  carbon  was  determined 
by  treating  the  sample  with  the  double  chloride  of  copper  and  potas- 
sium, filtering  after  the  copper  was  all  dissolved,  burning  the  dried 
residue  in  a  current  of  oxygen  and  collecting  the  carbon  as  carbon 
dioxide  in  a  solution  of  potassium  hydrate.     For  graphitic  carbon  the 
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pie  was  treated  with  nitric  acid,  filtered,  and  fche  dried  residue 
treated  m  in  analyzing  for  total  carbon,  The  combined  carbon  was 
obtained  bj  taking  the  difference  between  the  results  obtained  for  total 
oarborj  and  for  graphil  i<-  oarbon.     Manganese  was  determined  bj  treat- 

bhe  sample  with  nitric  acid,  then  boiling  with  additional  nitric  arid 
and  peroxide  of  Lead,  and  after  cooling  determining  the  percentage  of 
manganese  by  color  comparison  with  a  standard  treated  in  tin*  same 
way  and  at  the  same  time.     To  determine  silicon  the  sample  iras  treated 

with  nitric  acid,  and  after  all  action  had  ceased  sulphuric  acid  was 
added  and  the  mixture  boiled  until  fumes  of  sulphur  trioxide  were 
given  off.  It  was  then  cooled,  diluted,  heated  uutil  the  sulphate  of  iron 
was  entirely  dissolved,  filtered  hot  on  an  ashless  filter,  ignited,  and 
the  Crucible  with  its  contents  weighed;  after  treating  the  contents  of 
the  crucible  with  sulphuric  and  hydrofluoric  acids,  evaporating  to 
dryness  and  igniting  again,  the  crucible  with  its  contents  was  weighed 
and  the  difference  between  the  two  weights  considered  silica.  Phos- 
phorus was  obtained  from  the  weighed  amount  of  phospho-molybdate 
precipitated  from  a  nitric  acid  solution  of  the  sample  on  the  addition 
of  an  ammoniacal  solution  of  molybdic  acid.  The  percentage  of  sul- 
phur was  found  by  treating  the  sample  with  nitric  acid,  and  after  all 
action  was  complete  a  little  sodium  carbonate  added  and  the  solution 
evaporated  to  dryness;  after  cooling  hydrochloric  acid  was  added  and 
the  solution  evaporated  to  dryness  ;  redissolved  in  as  little  hydro- 
chloric acid  as  possible,  the  solution  was  diluted  and  filtered;  the 
addition  of  barium  chloride  to  the  boiling  nitrate  gave  a  precipitate  of 
barium  sulphate  m  which  the  sulphur  could  be  calculated. 

The  author  acknowledges  obligation  to  the  New  Jersey  Steel  and 
Iron  Company  of  Trenton,  X.  J.,  and  to  Prof.  J.  B.  Johnson  of  Wash- 
ington University,  St.  Louis,  Mo.,  for  the  use  of  testing  machines  for 
making  the  physical  tests  recorded  in  the  accompanying  tables. 
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Comparing  Properties  of  Malleable  Cast-Iron  made  from  Charcoal 
Pig  Iron  and  from  Coke  Pig  Iron. 
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47  930 

4.41 

5.81 

Note. — Charcoal  pig  mixes  averaged  about  10^  coke  pig  iron.  Coke  pig  mixes  averaged 
about  10^"  charcoal  pig  iron.  Sulphur  in  first  set  of  bars  averages  0.042.  Sulphur  in  second 
set  of  bars  averages  0.063. 
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Showing   Vabying  Phtbioal  Pbopebttes  oi    Mu.uuiu.  Cast-Iboh 
Test  Babs  Depending  Upon  Time  AnneaxjEd. 
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Note. — Where  the  percentage  of  reduction  or  elongation  is  not  given,  the  specimen 
broke  in  the  shoulder. 

Bars  278  were  poured  from  a  cupola  heat  charged  for  light  work,  and  showed  gray  in 
fracture  before  annealing. 
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THE  WATER- WORKS  OF  SYRACUSE,  X.  Y. 


By  William  R.  Hill.  M.  Am.  Soc.  C.  E. 
Read  May  15th,   1895. 


WITH  DISCUSSION. 

On  June  21st,  1888,  the  Hon.  Wm.  B.  Kirk.  Mayor  of  the  city  of 
Syracuse,  X.  Y. .  appointed  a  commission  to  select  the  best  aYail- 
able  source  for  furnishing  an  abundant  supply  of  water  for  public, 
mechanical  and  domestic  uses.  At  that  time  a  small  portion  of  the 
city  was  supplied  with  water  from  Onondaga  Creek  by  the  Syracuse 
Water  Company,  and  with  spring  water  by  parties  who  sold  it  by  the 
gallon,  delivering  it  in  bottles  and  from  tanks.  Rain  water  was  col- 
lected on  roofs  and  stored  in  cisterns  for  laundry  and  other  purposes. 

The  Commissioners  engaged  J.  J.  R.  Croes,  ML  Am.  Soc.  0.  E..  to 
take  charge  of  the  investigation,  and  the  author  was  appointed  his 
principal  assistant.  After  a  thorough  investigation  of  eleYen  different 
sources,  Mr.  Croes  recommended  "the  water  of  Skaneateles  Lake  to 
be  so  far  superior  to  all  the  other  waters  examined  that  it  should  be 
obtained  for  Syracuse  if  it  could  possibly  be  secured/' 
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Skaneateles  Lake  is  situated  abonl  L9  miles  south  westerly  fromSj  ra 
ouseand  at  ao  elevation  of  166.40  ft.  above  the  Erie  Canal  at  Syracuse, 
or  867. 096  ft.  above  mean  Ion  tide  ai  Albany,  N.  V.  The  lake  is  L5 
miles  long  and  generally  aboul  I  mile  wide,  with  an  area  of  12}  square 
miles.  Its  greatest  depth  is  said  to  be  aboul  350  ft.  Its  shores  are 
hold  and  free  from  vegetable  growth.  Its  water-shed  is  Bteep  and 
Qarrow,  with  as  area  (exclusive  of  the  lake)  of  60.28  square  miles,  the 
oresl  line  of  which  ranges  generally  from  500  to  1  100  ft.  above  the 
surface  of  the  lake. 

The  following  table,  takes  from  Mr.  Croes' report,  gives  the  results 
in  parts  per  100  000  of  the  chemical  analyses  of  Skaneateles  Lake 
water  as  made  by  Professor  H.  H.  Cornwall,  Charles  Harrington, 
M.D.,  and  Professor  Elwyn  Waller: 


By  Cornwall, 
September    7tb, 

1888. 

By  Harrington, 

November  12th, 

1888. 

By  Waller, 

November  23d, 

1888. 

Average. 

0.300 
12.200 

2.800 
11.800 

1.700 
10.300 

1.600 
11  433 

Total  solids 

12.500 

6.40 
2.90 

14.600 

12.000 

9.50 
0.71 

13.033 

7.95 

1.80 

Sulphates 

9.30 

8.00 

0.000 
0.311) 
0.0034 
0.0118 

10.21 

0.497 

0.068 

0.319 

0.0030 

0.004D 

9.17 
0  497 

0  000 

0.430 

0.0040 

0.0080 

0.06 

0  023 

0.353 
0  0035 

Albuminoid  ammonia 

0.0080 
0.06 

In  December,  1888,  biological  examinations  were  made  by  Charles 
G.  Currier,  M.D.,  of  New  York  City.  In  1  cu.  cm.  of  Skaneateles  Lake 
water  he  found  21  living  bacteria ;  in  Onondaga  Creek  water,  491 ; 
and  in  the  Croton  water  supplied  to  New  York  City,  673.  He  reports, 
"  although  a  large  number  of  living  bacteria  need  not  in  itself  give 
sufficient  ground  for  pronouncing  a  water  objectionable,  still,  the 
fewer  bacteria  present,  the  nearer  is  the  water  to  the  ideal  of  excel- 
lence," and  that  the  bacteria  in  Skaneateles  Lake  are  "  of  an  entirely 
harmless  character." 

In  June,  1889,  the  citizens  of  Syracuse,  at  a  special  election,  de- 
clared almost  unanimously  in  favor  of  Skaneateles  Lake  water  and 
municipal  ownership.     A  water  board  composed  of  six  members,  three 
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from  each  of  the  iw<>  prinoipa]  > >< > I i i i < -: l I  parties,  wbb  fchex)  ji j ►  j »« »i  1 1 1 #• « l 
i«\  the  Mayor,  as  authorized  bj  (  bapter  291  of  the  Laws  of  IHhd. 
This  board  vraa  "authorized  to  acquire,  oouatruot,  maintain,  oontrol 
aud  operate  a  system  of  works,  with  water  from  Bkaneateles  Lake." 
The  author  was  appointed  chief  engineer,  and  associated  with  him  as 
consulting  engineer  was  How-aid  Boule,  M.  Am.  Boo.  ('.  E.,  to  whom 
thf  author  is  muoh  indebted  for  Invaluable  aid  and  counsel. 

The  old    water-works    were    owned    and   operated    by    the   Syracuse 

Water  Company,  and  consisted  of  a  pumping  station,  three  reservoir. 
and  '.'.»  miles  of  street  mains,  70%  of  which  were  4-in.  and  6-in.  pipes. 
The  main  supply  was  pumped  from  Onondaga  Creek  into  a  distrib- 
uting reservoir,  this  supply  being  slightly  increased  by  water  from 
springs  flowing  directly  into  the  reservoir.  The  flow  line  of  the  reser- 
voir is  at  an  elevation  of  108  ft.  above  the  canal.  The  pumping  plant 
consisted  of  one  Worthington  compound  duplex  condensing  engine, 
with  a  capacity  of  10  000  000  galls,  daily,  and  two  Dean  compound 
duplex  condensing  engines,  each  with  a  capacity  of  3  000  000  galls, 
daily. 

The  city  then  had  a  population  of  about  90  000,  with  172  miles  of 
streets  and  only  39f  miles  of  water  mains.  Furthermore,  the  water 
furnished  w  as  quite  unfit  for  either  domestic  or  manufacturing  pur- 
poses, and  afforded  a  very  inefficient  fire  protection. 

Skaneateles  Lake  is  a  feeder  of  the  Jordan  level  of  the  Erie  Canal, 
this  supply  being  controlled  by  sluice  gates  in  the  state  dam  at  the 
foot  of  the  lake.  On  the  outlet  between  the  lake  and  the  canal,  a  dis- 
tance of  9  miles,  there  are  25  dams,  furnishing  head  to  wheels  with  a 
capacity  aggregating  about  3  000  H.  P. 

In  addition  and  preliminary  to  the  new  works  proper,  it  was  neces- 
sary to  acquire  the  water  power  rights  on  Skaneateles  Creek,  also  the 
plant  of  the  Syracuse  Water  Company,  and  to  meet  the  requirements 
in  the  law  authorizing  the  city  to  take  water  from  Skaneateles  Lake,  it 
was  necessary  to  increase  the  storage  capacity  of  the  lake  sufficiently 
to  store  therein  the  ordinary  flow  of  its  water-shed. 

The  storage  capacity  of  the  lake  was  increased?  by  removing  the  old 
dam,  which  was  9  ft.  high,  and  rebuilding  another,  17  ft.  high,  with  a 
spillway  2  ft.  higher  and  foundation  6  ft.  lower  than  the  old  structure, 
and  by  lowering  the  bed  of  the  outlet  to  conform  to  the  new  grade 
made  necessary  by  lowering  the  gates  of  the  dam. 
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The  new  dam  is  145  ft.  long  and  built  of  rubble  masonry  with  a  face 
of  broken  range  ashlar,  on  a  platform  constructed  of  sawed  hemlock 
timbers  10  x  12  ins.,  bedded  in  clay  and  concrete  and  covered  with  3-in. 
planking.  A  general  plan  of  the  dam,  with  sections  through  the  bulk- 
head and  spillway,  is  shown  in  Fig.  1.  Extending  through  the  masonry 
are  six  rectangular  cast-iron  sluices,  each  having  a  clear  opening  3 
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Fig.  2. 


ft.  in  width  by  3  ft.  9  ins.  in  height.  The  upper  end  of  each  is  fitted 
with  a  brass-faced  frame  in  which  slides  the  cast-iron  sluice  gate,  oper- 
ated by  a  hand  wheel  attached  to  the  2^-in.  screw  stem.  Details  of 
the  sluice  and  gate  are  shown  in  Fig.  2. 

A  frame  gate  house,  9  x  32  ft.,  was  built  on  the  dam.     The  gates 
control  the  flow  of  water  in  the  outlet  to  supply  the  canal,  and  will 
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ELEVATION 


permit  of  the  lake  being  drawn  down  17  it.  i>.l<>u  its  new  high  water- 
mark. 

\  oofler-dam  inclosing  the  westerly  end  of  the  old  dam  was  con- 
structed of  two  rows    of    machine-driven   hard  wood    piles,  5  x    loins., 

from  ic»  to  "Jo  ft.  long  and  8  ft.  apart.     Waling  pieces  <x  ins.  square 
were  placed  on  the  outside,  both  at  the  top  and  bottom,  and  connected 

with  l£-in.  tie  rods 
spaced  8  ft.   apart. 

The  space  between 
the  rows  of  piles  was 
tilled  with  puddled 
clay. 

The  westerly  end 
of  the  new  dam 
was  built  within  the 
space  inclosed  by 
the  coffer-dam.  The 
new  dam  was  located 
parallel  to  and  on 
the  upper  side  of 
the  old  structure, 
and  the  latter  was 
not  taken  down  un- 
til the  correspond- 
ing portion  of  the 
new  dam  was  com- 
pleted. During  the 
progress  of  the  work 
on  this  section  the 
water  was  carried 
through  a  gate  at 
the  easterly  end  of  the  old  dam  into  the  outlet  to  supply  the  canal. 
After  the  first  section  of  the  dam  was  finished,  the  water  was  turned 
through  the  gates  of  the  new  dam,  and  a  coffer-dam  was  constructed 
inclosing  the  easterly  end  of  the  old  structure  and  the  pit  for  the 
foundation  of  the  remainder  of  the  dam. 

The  new  water-works  consist  of  a  crib  and  6  419  ft.  of  54-in.  riveted 
steel  intake  pipe  in  Skaneateles  Lake;  a  gate  house  on  its  shore;  acon- 


Fig.  3. 
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dnit  line  of  19£  miles  of  30-iu.  oast-iron  pipe;  a  distributing  reservoir 
near  the  city  with  a  capacity  of  121  000  000  galls.,  and  improvements 

in  the  distributing  system  throughout  the  city. 

After  a  complete  hydrographies!  survey,  including  over  3  000 
soundings  in  lines  extending  southerly  from  the  dam  across  the  lake 
for  lj  miles,  the  crib  was  located  in  40  ft.  of  water,  and  6  419  ft.  from 
the  gate  house  on  the  shore.  The  crib  is  16  ft.  square  by  12  ft.  high,  and 
is  shown  in  Fig.  3.  It  rests  on  a  foundation  of  small  stone.  Its  sides 
are  formed  of  10  x  12-in.  oak  timbers,  framed  and  dovetailed  together 
and  secured  by  1^-in.  tie  rods  running  through  the  timbers  from  top 
to  bottom.  Partitions,  also  of  oak  timbers,  divide  the  crib  into  six 
compartments.  The  water  enters  the  top  of  the  middle  chamber 
through  a  copper- wire  screen  of  1-in.  mesh,  and  is  conducted  through 
a  steel  reducer  to  the  intake  pipe,  the  connection  being  made  by  a 
flexible  joint.  The  reducer  pipe,  surrounded  by  concrete,  occupies 
one  compartment  and  the  other  four  are  filled  with  stone  ballast. 

The  intake  pipe  is  54  ins.  in  diameter  and  made  of  f-in.  steel  plates, 
weighing  15  lbs.  per  square  foot.  Each  plate  forms  a  6-ft.  length  of 
pipe,  slightly  larger  at  one  end,  so  that  it  could  be  telescope-jointed. 
Five  pieces  riveted  together  with  2^-in.  lap  formed  a  section  29  ft.  2  ins. 
long.  These  sections,  after  being  coated  with  asphalt,  were  loaded  on 
platform  cars,  three  lengths  to  the  car,  and  shipped  to  the  lake. 

The  coating  used  was  a  mixture  of  the  Los  Angeles  Oil-Burning 
Supply  Company's  dry  asphalt,  grade  "  D,"  and  their  liquid  asphalt, 
grade  "G."  In  heating  the  mixture,  it  was  necessary  to  use  3  parts 
of  "  D  "  to  1  part  of  "  G  ";  once  heated,  it  was  necessary  to  add  the 
grade  "G"  only.  The  pipe  was  completely  submerged  in  the  bath, 
heated  to  a  temperature  of  280°  Fahr. ,  and  left  therein  about  20  min- 
utes or  long  enough  for  the  steel  to  attain  the  temperature  of  the  mixt- 
ure. The  pipe  was  then  withdrawn,  and  after  the  coat  was  allowed 
to  stiffen,  it  was  again  submerged  for  a  few  moments  to  thicken  the 
coat. 

On  the  lake  shore,  four  of  the  29-ft.  lengths  were  riveted  together, 
making  a  section  116  ft.  long.  Each  section  was  provided  with  a  steel 
spigot  on  one  end,  and  a  cast-iron  hub  on  the  other.  The  hub  was 
provided  with  20  steel  hook-bolts  H  ins.  in  diameter,  with  hexagonal 
nuts.  A  gasket  of  1-in.  soft  lead  pipe,  weighing  2  lbs.  per  foot,  was 
placed  around  the  pipe  against  the  steel  spigot,  while  back  of  this  as 
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■  follower  and  bearing  for  tin-  hook-bolts,  was  a  hoop   of    ;  \   1  in. 
w  ronghl  iron  isco  Pig,  i 

The  flexible  joints  were  made  bj  jointing  two  shorl  pieces  of  pipe 
togel  her,  one  piece  being  tapering  in  diameter  and  '■'>  ft.  long,  the  other 
beings  Btraighl  piece  1  ft.  Long,  aporj  the  end  of  which  was  riveted  a 
machine-faoed  cast-iron  ball  or  /one.  Two  4-in.  channel  irons  were 
riveted  on  the  inside  oi  the  larger  end  of  the  tapering  piece  which 
fitted  over  the  hall.  The  channels  were  run  full  of  hot  lead  against 
the  ball  making  the  flexible  joint,  which  is  capable  of  a  deflection  of 

L2     in  any  direction  from  the  axis  of  the  pipe  (see  Fig.  4). 

The  pipe  was  laid  iu  a  treuch  in  the  lake  for  a  distance  of  about 
I  .".I  K)  ft.  The  trench  was  10  ft.  wide  at  the  bottom,  and  at  the  shore 
it  was  11  ft.  deej).  the  depth  gradually  decreasing  until  the  bottom  of 
the  trench  intersected  that  of  the  lake.  From  this  point  to  the  crib 
the  pipe  was  laid  on  the  bottom  of  the  lake.  The  excavation  was  made 
with  a  dipper  dredge,  the  material  being  mostly  a  hard,  red  clay. 
Before  the  pipe  was  taken  from  the  skids  on  the  lake  shore,  the  ends  of 
a  116-ft.  section  were  closed  by  oiled  canvas  bulkheads,  rolled  into 
the  water,  and  floated  between  the  sections  of  a  catamaran  which  had 
been  placed  in  position  over  the  jjipe  trench. 

The  catamaran  was  95  ft.  long,  30  ft.  wide,  and  6  ft.  deep.  The  sec- 
tions were  12  ft.  wide  with  a  6-ft.  space  between  them  for  lowering  the 
pipe.  The  sides  and  ends  were  formed  of  six  5  x  12-in.  timbers  placed 
one  on  top  of  the  other  and  secured  by  drift-bolts.  Each  section  was 
covered  with  plank.  The  catamaran  was  held  in  place  by  spud  piles  at. 
each  corner.  Ropes  from  swinging  booms  were  attached  to  the  pipe, 
the  bulkheads  removed,  and  the  pipe  lowered  to  the  bottom  of  the  lake. 
Each  length  of  pipe  was  supported  on  two  timber  foundations  placed 
19  ft.  either  way  from  the  joint.  These  timber  foundations  were 
secured  to  the  pipe  before  it  was  lowered  and  were  held  in  place  by 
hooks  connecting  the  foundation  platform  to  a  saddle  piece  fitting  over 
the  top  of  the  pipe.  When  the  pipe  was  finally  in  position,  the  saddle 
pieces  were  removed  and  used  for  the  next  length.  Fig.  5  shows  this 
arrangement  in  detail.  A  diver  guided  the  spigot  into  the  bell  of  the 
last  pipe  laid,  adjusted  the  hook  bolts,  and,  by  screwing  up  the  nuts  on 
the  same,  upset  the  lead  pipe  completing  the  joint. 

In  building  the  gate  house  the  pipe  was  laid  through  the  wall  to  the 
intake  well,  and  the  trench  and  pipe  extended  back  toward  the  lake  for 
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til  it.  This  part  of  the  trench  was  then  filled  to  prevent  the 
water  from  reaching  the  walls  of  the  gate  house,  and  the  excavation  and 
pipe  Laying  was  oontinned  into  the  lake  to  meet  the  pipe  from  the  crib. 
The  linal  joint  was  of  two  spigol  ends  joined  ander  water  l.v  n. 
a  sleeve  joint  of  special  design,  shown  in  detail  in  Pig.  5.  It  consisted 
of  a  piece  of  Btee]  pipe  •">  ft.  m  Length  and  <»t'  sufficienl  diameter  to  pi 
over  the  ends  of  the  pipes  to  be  connected,  and  was  provided  at  each  end 

with  hook  bolts  connected  1 .  v  sleeve    nuts.      'Idle  joint  was  packed  with 

hemp  rope  saturated  with  white  lead.  When  the  nuts  were  screwed 
up.  the  hook-bolts  drew  an  iron  follower  against  the  packing  and  made 
a  tight  joint. 

This  piece  out  short  to  float  between 
Bectlon  «'f  catamaran 

t—  ■  r 


J.yi  Gas  Tipe  Hammered  to  Hexagonal 
Section  in  middle  for  Wrench 

Fig.  5. 

The  steel  pipe  was  made  at  Groton,  N.  Y.,  by  the  Groton  Bridge 
and  Manufacturing  Company.  It  cost,  delivered  on  the  skids  at  the 
lake,  88  80  per  lineal  foot,  including  the  seven  flexible  joints.  The  layr 
ing  (exclusive  of  the  trenching)  cost  $2  50  per  foot. 

The  gate  house  contains  an  intake  and  screen  well  each  25  ft.  deep. 
Through  the  wall  separating  the  wells  are  two  cast-iron  sluices  each  2 
ft.  6  ins.  wide  by  4  ft.  6  ins.  high  in  the  clear,  and  provided  with  cast- 
iron  gates  similar  in  construction  and  operation  to  those  used  at  the 
dam.     The  fish  screens  are  made  of  -^-in.  copper  wire,  \-in.  mesh,  with 


HILL   Otf   WATER-WORKS   OF   SYRACUSE. 


33 


No.  10  Copper  Wire 
Am.  Guage,  >,  ETesb 


,2'x  2y.'\  %  Angle 
lyet 


\i__i_ 


.  Angle 

2 "x  2K  x  g 


k- :.< 

J*v- 2>$— 

i"x  >i  Iron  Plate'' 


5  3£ 


2  x  X  Iron  Plate 
>4  Rivet 


|y-  No.  10  Copper  Wire 
Am.  Guage 


FIG.  6. 


wrought  iron  frames  (Fig.  6). 
A  cast-iron  reducer  pipe,  36  ins. 
square  on  one  end  and  reducing 
to  a  circle  30  ins.  in  diameter, 
connects  this  well  and  the  30-in. 
conduit  line.  The  square  end 
of  the  reducer  is  fitted  with  a 
sluice  gate  operated  in  the  same 
manner  as  the  others. 

A  4-in.  vent  pipe  was  con- 
nected to  the  first  length  of 
30-in.  pipe  and  carried  up  and 
through  the  wall  to  the  inside 
of  the  gate  house.  The  walls 
are  of  rubble  masonry  with  vitri- 
fied brick  facing.  The  grooves 
for  screens  and  stop  plank  were 
formed  of  dimension  cut  stone 
set  in  the  wall.  A  longitudinal 
section  and  plan  of  the  gate  house  walls  are  shown  in  Fig.  7. 
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The  superstructure  is  of  broken  range  ashlar  and  pressed   briok 

similar  to  the  gate  bouse  al  the  reservoir. 

A  means  of  oompnting  and  regulating  the  amounl  of  water  flowing 

into  tin-  conduit  1^  afforded  by  opening  the  gate  between  the  wells  toa 
Axed  beighl  and  adjusting  the  head  of  water  againsl  that  gate  by  oper- 
at big  t he  g^ate  in  t lie  screen  well. 

Extensive  surveys  were  made  of  all   the  practicable  routes  for  the 

conduit  lino  from  the  Lake  to  the  site  of  the  reservoir  near  the  city.  The 
topographical  notes  were  obtained  by  using  a  slope  board,  which  was  ;l 
home-made  instrument  consisting  of  a  smooth  board  about  10  x  20 
ins.  of  convenient  shape  to  be  easily  handled,  and  having  on  its  face  an 


Fig.  8. 

arc  graduated  as  explained  below.  From  the  subscribing  center^of  this 
arc  a  fine  line  was  suspended,  to  which  was  attached  a  circular  fiat 
weight  that  would  swing  just  below  the  graduations.  When  the  top 
edge  of  the  board  was  held  level  the  pendulum  line  would  intersect 
the  arc  at  zero  or  the  initial  point  of  graduation  (see  Fig.  8). 

In  using  this  instrument  the  topographer  sights  along  the  top  of  the 
board  and  brings  it  parallel  to  the  slope  of  the  ground.  The  line  of 
the  pendulum  will  then  intersect  the  graduated  arc,  and  this  reading  is 
recorded  in  his  note  book.  However,  instead  of  indicating  the  degree 
of  the  slope  the  graduation  marks  the  horizontal  distance  between 
contours  of  10  ft. 


HILL   ON    WATER-WORKS    OF   SYRACUSE. 


35 


Angles  on  each  side  of  the  initial  point  of — 


lc  09'  are  marked  500 


1?     54' 

33  49' 
43  35' 
5?  43' 
»r  21' 

73  08' 
83  08' 
9c  27' 


300 
150 

Hi.". 

100 
90 
80 
70 
60 


113  i9»  are  marked  50 


12° 

143  03' 
153  57' 
1-  26' 
21     49' 

263  36' 
333  40' 
45^  00' 


15 

to 

35 
30 
25 
20 
15 
10 


With  this  graduation,  when  the  top  of  the  board  is  parallel  with 
the  surface  of  the  ground,  the  line  of  the  pendulum  will  indicate  the 
horizontal  distance  between  10-ft.  contours  of  that  slope.  Thus  an 
angle  of  14-  03'  will  read  40  ft.,  and  if  that  slope  extends  200  ft.  the 

10  in  40 


proper  entry  in  the  note  book  will  be 


200 


prefixed  by  a  plus   or 


minus  sign,  according  as  the  slope  was  ascending  or  descending  from 
the  line. 

This  graduation  of  the  arc  greatly  facilitates  the  work  of  plotting 
the  notes.  Knowing  the  elevation  of  any  station,  the  location  of  the 
first  contour  from  the  line  is  obtained  by  multiplying  the  reading  of 
the  board  by  -^  the  vertical  distance  to  the  first  contour.  After  the 
first  contour  is  located  or  plotted,  the  others  are  measured  off  direct 
until  the  entire  length  of  slope  is  consumed.  From  the  data  thus 
obtained  a  contour  map  was  made  which  gave  in  detail  the  features 
of  the  country  for  several  hundred  feet  each  side  of  the  lines  sur- 
veyed. On  this  map  the  pipe  line  was  projected,  and  from  the  notes 
of  the  projection  the  final  location  was  staked  out  on  the  ground. 
Great  care  was  exercised  in  making  this  projection,  and  the  number 
of  summits  and  depressions  in  the  grade  was  reduced  to  a  minimum. 
This  was  accomplished  without  any  material  increase  in  the  length  of 
the  line. 

All  horizontal  deflections  in  the  conduit  line  were  made  by  using 
straight  pipe  laid  to  regular  circular  curves,  the  maximum  being  20° 
curves  on  the  first  part  of  the  line  where  the  pressure  is  light,  and 
10-  curves  on  the  lower  parts  of  the  line.  The  vertical  curves  were 
made  in  the  same  way,  except  at  the  very  steep  slopes  of  the 
Marcellus  and  the  Camillus  Ravines,  and  at  Geddes  Brook. 
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The  oast-iron  pipe  was  made  In  Lengths  to  Lay  L2  ft.  with  bub  and 
Bpigot,  as  shown  by  Fig.  9.     All  straight  pipes  were  casl  vertically  in 

dry  sand  molds  or 
flasks,  bub  end  down. 
All  pipes  and  eastings 
were  thoroughly  in- 
spected   by   men     who 

acted  under  direct 
orders  from  the  author. 
Each  pipe,  after  being 
cleaned  and  examined, 
was  dipped  in  tar  in  the 
usual  manner,  and  sub- 
jected to  a  hydraulic 
pressure  of  300  lbs.  per 
square  inch,  and  while 
under  pressure  was  re- 
quired to  stand  smart 
blows  with  a  hammer 
over  its  exterior  surface. 
Test  bars  were  cast  from 
each  heat  and  required 
to  have  a  tensile  strength 
of  at  least  16  000  lbs.  to 
the  square  inch. 

The  following  table 
shows  the  thickness  of 
the  30-in.  cast-iron  pipe 
used  under  the  differ- 
ent heads. 


Fig.  9. 


Class. 

Thickness. 

Maximum  head. 

A 

Inches. 

7 

i* 

la 

Feet. 
165 

B 

205 

C 

255 

D 

295 

E 

335 

F 

375 

G 

415 

H 

460 

I 

475 
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On  the  conduit  line  there  was  deed   L8  867  bona  of  straight  pipe, 

bona  of  curved  pipe,  and  L56  tons  of  special  castings,  furnished  by 
Dennis  Long  &  Company,  of  Louisville,  K\.:  the  Radford  Pipe  and 
Foundry  Company,  of  Anniston,  Ala.;  the  MEoNea]  Pipe  and  Foundry 
Company,  of  Burlington,  N.  J.,  and  R.  I  >.  Wood  A  Company, sof  Phila- 
delphia, Pa. 

The  conduit  line  was  divided  into  four  sections,  numbered  1.  2,  :> 
and  4  respectively,  beginning  al  the  Lake,  each  section  being  about  5 
miles  long.  All  the  work  on  each  section  was  Lei  separately  by  con- 
tract, and  each  was  completed  satisfactorily,  with  the  exception  of 
Section  No.  1.  The  contractor  abandoned  this,  the  most  difficult  on 
the  line,  and  the  work  was  completed  by  the  Water  Board. 

Pre v ions  to  the  letting  of  the  contracts,  test  pits  were  dug  along 
the  line  at  intervals  of  500  or  600  ft.  These  were  carried  down  to 
grade  unless  rock   was  reached,  and  were  left  open  for  the  inspection 


j'pLANK  1+TO  16'lONG-T> 


2  PLANK  7  TO  8  LONG 


2  PLANK-7  TO  8  LONG 


8X8 

u'long 

-£ 


,6X6 
"x  8-H 


PLAN 


Fig.  12. 
of  the  bidders.  The  trenching  and  refilling  were  included  in  one  price 
per  cubic  yard,  and  the  pipe  laying,  joining,  and  calking,  including 
the  furnishing  of  lead  and  yarn,  were  paid  for  by  the  lineal  foot.  The 
minimum  depth  of  the  lead  joint  was  1\  ins.  The  minimum  width  of 
the  right  of  way  secured  was  60  ft. 

In  general  the  trench  was  4£  ft.  wide  on  the  bottom,  with  side  slopes 
of  1  horizontal  to  6  vertical.  The  minimum  covering  over  the  pipe 
was  4^  ft.  All  pipes  wrere  laid  to  line  and  grade  from  stakes  set  in  the 
bottom  of  the  trench  and  were  supported  on  blocks  and  wedges. 

A  glance  at  the  profile  (Fig.  10,  page  37)  will  show  that  in  order  to 
keep  the  conduit  below  the  hydraulic  grade  line,  deep  cutting  was 
necessary  on  the  first  2  miles.  The  line  there  follows  the  west  bank  of 
the  Skaneateles  outlet  and  then  crosses  under  that  stream.  The  average 
depth  of  the  trench  on  1  mile  was  20  ft.,  with  a  maximum  depth  of  30 
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feet.      Much  difficulty  was   experienced  with  quicksand   and    water. 

Fig.  12  shows  the  style  of  sheeting  used  on  this  part  of  the  work.  It 
^as  necessary  to  put  in  a  flooring  braced  against  and  held  down  by 
the  sheeting  in  order  to  keep  the  quicksand  from  rising  and  filling 
the  trench.  In  many  cases  the  ground  back  of  the  sheeting  sunk  to 
a  depth  of  12  ft.,  carrying  the  sheeting -with  it.  This  required  constant 
care  and  work  adjusting  and  putting  in  additional  cross-pieces  to  I 
the  trench  open.  The  timber  used  was  spruce,  8x8  ius.,  with  2-in. 
planking  of  the  same  material.  The  pipe  was  laid  on  blocks  and 
wedges  placed  on  the  flooring. 

At  the  lower  end  of  the  deep  cutting  on  Section  No.  1  a  20-in.  relief 
pipe  was  put  in  as  a  precaution  against  a  water  ram  on  the  pipe 
through  the  quicksand.  Should  an  accident  occur  at  this  place  it 
might  take  a  month's  time  to  repair  the  break.  The  relief  pipe  was 
carried  up  the  side  of  the  valley  to  a  height  of  31  ft.  above  the  hy- 
draulic grade  line  and  to  an  elevation  of  456  ft.  The  20-in.  pipe  at  this 
elevation  terminates  with  two  90°  bends  where  it  will  discharge  its 
water  into  a  3-ft.  length  of  30-in.  pipe  set  in  an  upright  position. 
From  the  bottom  of  this  30-in.  pipe  a  line  of  12-in.  pipe  is  laid  to  the 
creek.  A  screen  is  placed  over  the  upper  end  of  the  12-in.  pipe  to  pre- 
vent frogs,  etc.,  from  entering  the  main  conduit  line.  The  uj>per  end 
of  the  relief  pipe  is  inclosed  in  a  plain  brick  house. 

Prominent  and  princirjal  features  of  the  conduit  line  were  the 
crossings  of  the  Marcellus  and  the  Camillas  Ravines.  Marcellus 
Ravine  is  80  ft.  deep,  with  sides  sloping  at  angles  of  40°  and  48° 
respectively.  The  bottom  is  flat  and  500  ft.  wide.  Nine  Mile  Creek, 
the  outlet  of  Otisco  Lake,  flows  through  this  valley,  and  at  the  crossing 
of  the  conduit  line  it  is  in  two  channels,  the  larger  being  about  25  ft. 
wide  and  3  ft.  deep,  and  located  at  the  foot  of  the  eastern  slope  of 
the  ravine.  The  water  was  diverted  from  the  westerly  into  the  east- 
erly channel  until  the  pipe  was  laid  from  the  west  up  to  the  bank  of 
the  eastern  channel.  All  the  water  was  then  diverted  into  the  westerly 
channel,  and  the  pipe  laying  continued  under  and  across  the  easterly 
channel  and  up  the  eastern  slope  at  an  angle  of  42°.  The  vertical 
curves  were  made  by  using  special  curved  pipe  8  ft.  long,  with  a  radius 
of  34£  ft.  These  curves  were  used  at  the  top  and  bottom  of  the  slopes 
at  each  side  of  the  ravine. 

Camillus  Ravine  is  100  ft.  deep  and  only  20  ft.  wide  at  the  bottom. 
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The  sides  are  ver^  steep,  the  westerly  slope  being  al  an  angle  of  i~>  , 

upon  w  Inch  t  be  pipe  is  laid  a1  an  angle  of  I-  .  In  this  ravine  i  a  small 
stream  of  water,  which,  however,  disappears  some  distance above  the 

place  where  the  conduit   Line  crosses.     In  excavating  the  trench  a<-- 
the  bottom,  Bhale  i< 'i-k  was  found  to  a  depth  of  6  ft.     Below  this  was 
a  bed  of  quioksand  and  water  12  ft.  deep.     A  row  of  piles  was  driven, 
capped  with  timber  and  oonoreted,  which  oonstrnotion  formed  a  Arm 

t'onndat ion  tor  the  pipe.  The  concrete  was  carried  up,  over  and 
around  the  pipe  and  covered  with  flag  stones,  to  prevent  a  washout  in 
time  oi  high  water  in  the  stream.  The  vertical  curves  at  the  top 
and  bottom  were  made  by  the  use  of  special  curved  pipe,  the  same  as 
at  Maroellus  Ravine. 

(  >ne  of  the  various  methods  for  setting  the  pipes  to  line  and  grade 
consisted  in  the  use  of  a  board  template  arranged  to  fit  across  the 
inside  end  of  the  pipe,  so  that  the  upper  edge  of  the  template  would 
coincide  with  the  horizontal  diameter.  This  template  was  placed  in 
the  end  of  the  last  pipe  laid.  The  center  of  the  top  edge  of  the  board 
would  then  mark  the  center  of  the  pipe  for  line  and  grade.  Some 
distance  ahead  in  the  trench,  a  target  was  set  in  line  and  to  grade  for 
the  center  of  the  pipe.  The  pipe  inspector,  inside  the  last  pipe  laid, 
directed  the  adjustment  of  the  next  pipe  until  the  center  of  its  tem- 
plate was  brought  in  line  with  that  of  the  fixed  one  and  the  target. 
The  pipe  was  then  held  in  position  by  the  blocks  and  wredges.  With 
this  method,  under  the  most  favorable  conditions,  102  lengths  of  30-in. 
pipe  were  placed  in  position  in  the  trench  in  one  day. 

Eleven  30-in.  gates  were  used  on  the  conduit  line,  each  with  two 
8-in.  by-passes.  These  gates  were  made  by  the  Eddy  Valve  Company, 
of  Waterford,  N.  Y.,  from  a  special  design  for  this  work. 

Sixteen  4-in.  air  valves  were  placed  on  the  line  as  indicated  on  the 
profile.  These  are  also  of  a  special  design,  and  have  proved  very  satis- 
factory thus  far.  They  are  constructed  to  work  automatically,  and 
will  open  at  50  lbs.  pressure  to  let  air  into  the  pipe  while  being 
emptied. 

Their  gate  and  seat  are  similar  to  like  parts  of  the  Matthew's 
hydrant,  and  are  held  together  by  a  £-in.  brass  wire  spring.  The  gate 
can  also  be  opened  at  any  time  by  a  screw  stem,  and  as  a  precaution 
against  accident  to  the  spring  which  draws  the  gate  back  to  its  seat,  an 
extra  inside  screw  is  provided  to  be  screwed  into  the  gate,  and  thus 
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raise  it  (Fig.  13).  An  ordinary  4-in.  flanged  valve  is  placed  between 
the  air  valve  and  the  conduit,  to  be  need  in  case  it  ia  accessary  to  make 
any  repairs  to  the  air  valve.  A  plain  brick  building  was  built  over  each 
of  the  30-in.  gates  and  air  valves  on  the  conduit  line. 

Manholes  were  placed  on  the  conduit  line  at  the  low  points  and 

near  the  valves,  while  -■  "Jsupported bj  treapring 

through  the  deep  cut- 
ting  on  Section   No.  1 
they  were  placed  more 
frequently.     The  man- 
hole proper  is  a  special 
pipe  casting  6  ft.  long, 
having      an      elliptical 
opening  12  x  16  ins.  in 
the  clear.    The  opening 
is    closed    by    a    cast- 
iron  plate  on  the  inside 
held  in  position  against 
a      flange      by      bolts 
through     two    saddle- 
prieces  resting   on    the 
outside  of  the  casting. 
The  opposing  surfaces 
of  the  plate  and  special 
were       ordinary      cast 
faced.     Two   layers    of 
flat    lamp    wick,    1    in. 
wide,     saturated     with 
white    lead,  were  used 
for  gasket,  and  made  a 
perfectly  tight  joint. 

In     deep      cuttings  fig.  13. 

circular  brick  vaults  were  built  around  the  manholes  and  carried  up 
to  within  3  ft.  of  the  surface,  where  they  were  closed  with  a  cast-iron 
cap.  which  was    carefully  referenced  before  being   covered  with  the 

earth. 

A  blow-off  branch  was  laid  at  each  of  the  six  depressions  in  the 
conduit  line.     A  special  casting  6  ft.  long,  with  hubs  at  both  ends  and 


I\! 
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a  small  branoh  opening  on  the  Bide,  was  laid  at  the  lowest  place 
ih.    ■  •  i . i .  1 . ■      Prom  this  Lateral  opening  pipes  were  laid  to  a  discharge 
ohamber. 

Between  the  chamber  and  the  special,  a  gate  was  inserted  in  the 
line  of  the  small  pipe.  The  gate  was  inclosed  by  a  circular  brick  vault. 
capped  with  a  LO-in.  course  of  <-ut  stone.  There  was  an  opening  3  ft. 
Bqnare  in  the  center  of  the  cap  stone,  which  was  covered  with  iron 
doors,  with  hinges  bolted  to  the  stone  (see  Fig.  14). 


Fig. 14. 

The  discharge  chamber  was  built  of  ashlar  faced  stone  masonry  rest- 
ing on  a  timber  platform  foundation.  The  interior  of  the  chamber  was 
4  x  7  x  4  ft.  deep  from  the  top  of  the  spillway. 

At  the  easterly  end  of  Section  No.  2  the  conduit  is  laid  along  a  steep 
wooded  slope  commonly  known  as  the  "Alps."  At  many  places  it  is 
at  an  angle  of  45°  and  rises  to  an  elevation  of  about  500  ft.  above  its 
base. 

About  midway  up  the  slope  on  the  upper  side  of  the  conduit  line  a 
roadway  6  000  ft.  in  length  had  to  be  built  before  the  pipe  or  other 
material  could  be  delivered.  For  about  2  000  ft.  the  cutting  for  the 
roadway  was  through  solid  rock  which  cropped  out  at  the  surface. 
In  excavating  for  the  pipe  trench,  solid  rock  was  encountered  for  1  800 
ft.  Owing  to  the  irregular  character  of  the  slope  and  the  determina- 
tion to  keep  the  conduit  to  a  nearly  direct  line  and  proper  grade,  the 
cutting  at  some  points  was  carried  to  a  depth  of  19  ft.,  while  at 
others  it  was  very  light.  At  the  latter-mentioned  places  retaining 
walls,  six  in  number,  were  built  to  support  the  embankment  over  the 
pipe. 

The  walls  had  a  standard  width  of  3  ft.  on  top  with  a  batter  of  3 
ins.  to  the  foot  on  the  face.  They  were  laid  dry  and  were  of  good 
quality  gray  limestone,  roughly  hammer  dressed.  In  the  six  walls 
there  were  2  500  cu.  yds.  of  masonry. 

As  a  precautionary  measure,  after  the  pipe  was  laid,  orchard  grass 
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seed  was  sown  over  the  pipe  trench  and  on  the  embankments,  to  prevent 
the  washing  away  of  the  newly  placed  earth. 

After  the  pipe  was  laid  and  calked,  a  hydranlic  pressure  tesl  w 

applied  for  the  twofold  purpose  of  revealing  imperfect  pipe  and  faulty 
joints.  If  no  defects  were  found,  the  contractor  was  then  allowed  to 
refill  the  trench  on  that  part  of  the  work.  Pumping  stations  for  test- 
ing the  pipe  were  established  on  each  of  the  four  sections  in  the 
immediate  vicinity  of  blow-offs,  as  they  were  convenient  to  water  and 
the  blow-off  special  furnished  an  opening  through  which  water  could 
be  pumped  into  the  conduit. 

The  open  ends  of  the  conduit  were  closed  with  false  heads  made 
especially  for  this  work.  They  were  cast-iron  plates,  machine-faced  on 
the  inner  side,  and  fitted  snugly  into  the  hub  end  of  the  pipe.  A  heavy 
rubber  gasket  was  used  between  the  plate  and  inner  face  of  the  hub. 
Each  head  was  secured  with  12  clamps  (see  Fig.  9>.  Heavy  hard 
wood  timbers  and  jack  screws  formed  a  brace  against  the  end  of  the 
pipe  and  prevented  it  from  being  shoved  ahead  in  the  trench  by  the 
pressure.  In  each  of  the  false  heads  two  openings  of  1  in.  and  2  ins., 
respectively,  were  cut.  Into  the  larger  one  a  short  piece  of  wrought  - 
iron  pipe,  with  a  valve  attached,  was  screwed.  This  provided  for  the 
escape  of  air.     The  smaller  aperture  was  for  the  pressure  gauge. 

When  the  pipe  was  rilled  and  the  required  pressure  attained,  two 
inspectors,  one  on  each  side  of  the  pipe,  examined  the  joints  for  sweats 
and  leaks,  and  likewise  the  body  of  the  pipe  itself  for  cracks  or  spongy 
iron.  If  sweats  or  leaks  were  found,  the  pressure  was  relieved  by 
opening  a  valve  and  letting  a  small  quantity  of  water  out.  The  joints 
were  then  recalked  and  the  test  pressure  again  put  on.  Rarely  a  third 
application  of  pressure  took  place.  Occasionally  pm  holes  were  found 
in  the  metal,  but  these,  with  the  exception  of  a  few  cases,  "took 
up  "  themselves  by  oxidization,  which  rilled  the  minute  holes.  Two, 
of  which  there  was  some  doubt  of  the  rust  closing,  were  tapped  and 
plugs  inserted.  Some  three  or  four  defective  pipes  were  discovered 
and  taken  out.  After  the  completion  of  the  test  the  water  in  the 
pipe  was  drawn  down  so  that  its  surface  was  on  a  level  with  the 
bottom  of  the  last  pipe  and  the  balance  of  the  water  was  left  in  the 
pipe  to  be  used  for  the  next  test. 

Grades  were  ascending  in  either  direction  from  the  blow-off  special, 
and  all  that  was  necessary  when  a  subsequent  test  took  place  was  to  fill 
the  newly  laid  pipe. 
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The  pumping  station  in  Rfaroellus  Ravine  was  at  the  westerly  end  of 

\  •  ">.  I  * i  * » 1 1 1  here  bests  were  made  to  the  connection  with  Sec- 
tion So.  l.  a  distance  of  4  miles.  Two  pumps  were  nsed  t^ere,  one  with 
a  Large  cylinder  for  filling  the  pipe,  which  it  would  do  trery  rapidly,  and 
a  second  one  w  it  h  a  \ ery  small  cylinder,  capable  of  developing  600  lbs. 
per  square  inch  for  famishing  pressure  for  the  test.  It  mighl  be  well 
to  mention  the  facl  that  the  Larger  pnmp  was  tried  for  the  entire  work 
of  testing,  but  it  proved  inefficient.  It  would  work  easily  against  the 
head  necessary  to  raise  the  water  in  the  pipe,  but  above  that  the 
pressure  shown  by  the  gauge  fluctuated  so  that  the  pump  w  as  abandoned 
for  that  part  of  the  work  and  the  smaller  one  used  entirely.  This  ar- 
rangement gave  most  satisfactory  results. 

The  minimum  pressure  allowed  on  any  part  of  the  work  was  100 
lbs.  per  square  inch.  But  in  every  instance  each  pipe  was  subjected 
to  a  pressure  at  least  40  lbs.  in  excess  of  the  stated  pressure.  The  con- 
tractors Btrongly  urged  that  the  tests  be  omitted.  They  spoke  of  their 
calkers  in  the  highest  terms,  declaring  that  none  of  their  joints  would 
leak.  The  first  test  developed  many.  After  that  each  calker  marked 
the  joints  he  made,  and  each  took  a  pride  in  his  work.  The  best  testi- 
mony of  the  necessity  of  tests  is  the  fact  that  no  leaks  have  been  dis- 
covered in  the  line  since  the  water  was  turned  on,  nine  months  ago. 

On  Friday,  June  29th,  1894,  at  10.11  a.  if.,  the  gates  in  the  well 
house  at  Skaneateles  were  opened,  and  water  for  the  first  time  began  to 
tiow  from  Skaneateles  Lake  to  Syracuse.  The  draft  from  the  lake  to 
fill  the  conduit  was  regulated  to  1  000  000  galls,  in  24  hours. 

While  the  turning  on  of  the  water  was  the  practical  consummation 
for  which  the  city  had  been  contending  for  years,  it  took  place  without 
any  ceremony.  In  fact  it  was  done  as  quietly  as  jjossible  as  fears  were 
entertained  that  some  legal  obstacle  might  be  interposed  at  the  last 
moment. 

In  filling  the  conduit  line  each  gate  house  and  blow-off  was  visited 
in  advance  of  the  water,  and  its  arrival  and  passage  waited  for.  The 
approach  of  water  was  heralded  in  advance  by  the  escape  of  the  com- 
pressed air  through  the  air  valves.  It  would  begin  with  the  least  per- 
ceptible murmur  and  continue  to  increase  in  loudness  until  it  assumed 
a  roar  like  that  made  by  steam  escaping  from  the  exhaust  valve  of  a 
steam  boiler. 

The  gate  at  each  of  the  blow-offs  was  opened  in  turn  and  water  al- 
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lowed  to  waste  until  the  last  vestige  of  sediment  from  the  conduit  line 
had  disappeared.  As  soon  as  the  intermediate  sections  between  the  gate 
houses  were  filled,  men  were  put  on  patrolling  the  conduit  to  discover 
breaks  or  leaks  should  any  occur.  At  4.12  in  the  afternoon  of  July  3d 
water  reached  the  north  stop  gate  house  of  the  new  reservoir  and  a 
few  minutes  later  rushed  with  a  roar  into  the  old  distributing 
reservoir. 

The  work  of  filling  the  pipe  occupied  nearly  4£  days  and  was  car- 
ried on  without  cessation.  An  hour's  sleep  in  some  fence  corner  or  on 
top  of  some  blow-off  chamber  had  to  suffice  for  rest.  Meals  were  eaten 
at  irregular  intervals;  sometimes  breakfast  was  eaten  at  noon  and 
oftener  not  at  all. 

This  part  of  the  work  had  its  amusing  as  well  as  serious  side.  One  of 
the  watchmen,  stationed  at  night  in  the  "Alps,"  became  scared  at  an 
owl's  hooting,  climbed  a  tree  and  staid  there  until  the  return  of  a  patrol- 
man. Another  man,  who  had  been  left  in  charge  of  a  gate  house  with- 
out instructions  as  to  meals,  staid  there  three  days  and  subsisted  on  a 
few  crackers  and  a  piece  of  cheese. 

The  new  distributing  reservoir  which  is  now  being  constructed  is 
located  just  outside  the  city  limits  about  2  miles  southwesterly  from 
the  center  of  the  city.  The  site  is  on  a  summit  in  a  valley  with  long 
and  rounding  hills  on  either  side,  that  on  the  west  having  an  elevation 
of  280  ft.  and  the  one  of  the  east  220  ft.  The  reservoir  is  formed 
by  building  earth  embankments  across  the  valley  at  the  north  and 
south  ends  and  along  and  over  the  lower  hill  on  the  east. 

Preliminary  to  the  selection  of  the  site  and  the  location  of  the  em- 
bankments, the  underlying  earth  was  examined.  This  was  accom- 
plished by  driving  a  2-in.  wrought  iron  pipe  and  drawing  it  from 
different  depths,  bringing  up  samples  of  the  material.  Later  on,  test 
pits  were  dug  at  different  places  over  the  site,  some  to  a  depth 
of  20  ft. 

The  site  was  cleared  of  trees,  stumps  and  roots.  The  loose  top 
soil  was  removed  and  placed  in  a  spoil  bank  for  top  dressing  the 
embankment.  A  pit  12  ft.  wide  was  dug  on  the  line  of  the  center  of 
the  embankment  to  a  general  depth  of  8  ft.  This  was  filled  with  clay 
placed  in  4-in.  courses  and  puddled  in  position.  The  embankment 
was  started  on  a  firm  foundation  which  was  thoroughly  dampened.  It 
was  made  of  material  excavated  from  the  sides   and   bottom  of  the 
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n   ervoir,  which  was  found  bo  be  a  mixture  of  heavj  clay  with  a  small 

amounl  of  gravel.     All  hard  lumpi  were  broken  and  nil  b1 >t  tnore 

than  I  Inches  111  diameter  were  pioked  <»ut.  The  materia]  was  Leveled 
off  in  5  iii.  layers  by  a  r<>;i<l  Boraper,  then  dampened  and  rolled  by  a 
grooved  roller  weighing  I  200  Lbs.  per  Lineal  foot. 

The  embankmenl  is  20  ft.  wide  on  top,  with  sides  Bloping  2  to  1. 


"Drain  '  7?°V  '■"■"'      "'"'' 

Pipe    _,. '■    ;  ,    ■    __  ■;„■•■,      p .  s'-iW 

j^J+175    +m  LONGITUDINAL 


+  171.5 


:^,(-'cn'ci(ito,  --  -~-'--;-.:-.,%-^^.^-:r--  v.v 
SECTION 


£__ 


On  the  inner  slope  there  is  an  offset  10  ft.  wide  (see  Fig.  11,  Page  37). 
The  elevations  of  the  various  portions  of  the  embankment  are  shown 
in  Figs.  11  and  15. 

The  area  of  the  reservoir  is  13.97  acres.  Its  capacity  is  121  000  000 
galls,  with  the  water  35  ft.  deep.  The  bottom  and  sides  are  covered 
with  concrete  placed  9  ins.  thick  over  the  bottom  and  lower  slopes,  12 
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ins.  thick  over  the  offset,  and  6  ins.  thick  under  the  paying  on  the 
upper  slope. 

The  concrete  was  composed  of  one  measure  of  American  hydraulic 
cement,  two  measures  of  sand,  and  three  of  stone.  All  the  stone  was 
broken  by  a  crusher  and  was  required  to  be  not  larger  than  would  pass 
through  a  l£-in.  ring  in  any  direction. 

The  cement  was  delivered  on  the  work  a  sufficient  time  in  advance 
of  its  use  to  enable  thorough  tests  to  be  made.  It  was  required  to  be 
of  such  fineness  that  90%  would  pass  through  a  screen  of  2  500  meshes 
per  square  inch.     When  mixed  in  the  ratio  of  1  lb.  of  sand  to  1  lb.  of 


Fig.  16. 
cement  and  exposed  one  day  in  air  and  six  days  in  water,  it  was 
required  to  withstand  a  tensile  strain  of  not  less  thau  60  lbs.  per  square 
inch.  Almost  the  entire  quantity  of  cement  used  to  date  was  furnished 
by  the  F.  O.  Norton  Company  and  by  the  Lawrence  Cement  Company. 
The  average  strength  of  4  623  briquettes  was  10(H  lbs.  per  square  inch. 
The  wall  covering  the  upper  slope  is  12  ins.  thick  and  is  composed  of 
hammer  dressed  quarry  stone  laid  in  full  beds  of  cement  mortar  on  the 
6  ins.  of  concrete.  A  Portland  cement  concrete  curb  %  ft.  deep  and 
10  ins.  thick  is  to  be  laid  on  top  of  the  slope  wall  around  the  reservoir. 
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In  Fig.  L6  lb  Bhown  the  general  plan  of  the  gate  bouse  wells.  The 
walls  are  of  broken  range  stone  with  face  scabbled  t"      in.  projection, 

A  general  plan  of  the  pipes  entering  ami  Leaving  the  reservoir, 
together  with  the  location  of  the  gates  ami  an  overflow  pipe  Leading 
from  the  wells  of  the  outlet  gate  house  to  the  old  reservoir,  is  shown 
in  Fig.  L6.  Tin' .'iD-in.  oonduil  from  thelake  passes  through  the  out- 
let valve  bouse  where  it   is  connected  with  two  36-in.   supply  mains 

Leading  from  the  reservoir  to  the  city.  Valves  were  put  in  these  con- 
nections. The  conduit  line  continues  around  to  the  inlet  valve  house 
and  cut eis  the  reservoir  through  the  inlet  gate  house. 

Two  other  30-in.  mains  are  also  laid  through  the  inlet  valve  and 
gate  houses.  One  of  these  mains  is  connected  with  the  old  pumping 
station  on  Onondaga  Creek  and  can  be  used  in  case  of  an  accident  to 
the  conduit  from  the  lake.  The  other  is  to  be  a  supply  main  to  convey 
water  from  the  reservoir  to  a  high  service  pump  house  to  be  built 
adjoining  the  inlet  valve  house  at  some  future  time. 

Within  the  city  limits  there  is  a  small  unoccupied  area  that  is 
higher  than  the  flow  line  of  the  reservoir.  Should  it  ever  be  desirable 
to  supply  this  tract  with  water  a  high  service  reservoir  might  be  con- 
structed with  a  main  from  the  inlet  valve  house.  By  operating  gates, 
this  reservoir  could  be  supplied  by  gravity  directly  from  Skaneateles 
Lake,  or  by  pumping  the  water  from  the  distributing  reservoir,  with 
a  high  service  reservoir  at  an  elevation  of  320  ft.  and  two  distributing 
systems,  the  entire  city  would  have  ample  pressure  for  fire  protection. 

At  the  close  of  the  season  of  1894,  the  embankment  of  the  reservoir 
was  completed,  and  the  slope  wall  was  built  to  a  height  of  6  ft.  above 
the  offset.  The  reservoir  was  then  filled  with  water  to  a  depth  of  2  ft. 
above  the  top  of  the  wall  to  protect  it  from  the  action  of  the  frost. 
During  the  winter  the  city  has  taken  its  supply  directly  from  Skan- 
eateles Lake  through  a  connection  at  the  outlet  valve  house,  leaving 
the  surplus  water  from  the  lake  to  flow  into  the  reservoir. 

The  height  of  the  water  in  the  reservoir,  which  regulated  the  press- 
ure on  the  city  mains,  was  adjusted  by  operating  the  gate  in  the  30-in. 
main  leading  from  the  reservoir  to  the  pumping  station  on  Onondaga 
Creek.  On  this  line  of  pipe  there  is  a  branch  to  the  old  reservoir  where 
the  surplus  water  was  discharged. 

The  reservoir  will  be  emptied  of  water  before  the  work  of  complet- 
ing it  is  resumed  in  the  spring.     The  pressure  on  the  city  mains  will 
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then  be  regulated  by  using  the  wells  of  the  outlet  gate  hous<  as  a  -tand 
pipe.  The  16-in.  overflow  pipe  from  the  wells  is  of  a  capacity  equal 
to  the  30-in.  main  from  the  lake. 

The  plant  of  the  Syracuse  Water  Company,  as  described  above, 
was  acquired  by  the  city  through  condemnation  proceedings.  The 
price  paid,  as  awarded  by  the  appraisers,  was  $850  000. 

The  Water  Board  took  possession  of  the  works  on  January  1st, 
1892.  At  that  time  the  pressure  on  the  mains  in  the  lower  part  of  the 
city  was  46  lbs.  per  square  inch.  Before  increasing  this  pressure 
about  14  miles  of  sheet  iron  cement-lined  pipe  and  old  cast-iron  pipe 
of  insufficient  size  were  taken  out  and  replaced  by  new  cast-iron 
pipe  of  proper  size.  In  addition  there  have  since  been  laid  55  miles  of 
new  mains,  so  that  at  the  present  time  there  are  80  miles  of  street  mains 
and  1  408  hydrants. 

The  following  table  gives  the  standard  weight  of  pipe  that  will  lay 
12  ft. ,  and  the  thickness  of  the  different  sizes  used  in  the  city  distribu- 
tion, also  the  thickness  of  the  lead  joint. 


Diameter  of  pipe. 

Thickness. 

Weight. 

Thickness  of  lead  joint. 

luches. 

Inches. 

Pounds. 

Inches. 

•   4 

IS 
T55 

240 

TSS  tO  % 

6 

7 

360 

8 

A 

492 

" 

10 

%. 

672 

" 

12 

1% 

900 

i< 

16 

H 

1356 

%  to  T7S 

20 

X 

1  980 

Ci 

24 

27 
55 

2  664 

" 

30 

% 

3  432 

" 

30 

1 

3  948 

" 

36 

1£ 

5  004 

t'b  t°  >2 

In  general  the  pipe  has  been  laid  in  a  line  10  ft.  off  the  center  of 
the  street.  This  leaves  the  center  for  a  sewer,  and  the  opposite  side  for 
a  gas  pipe. 

The  water  pipe  is  laid  to  a  grade  generally  conforming  to  that  of  the 
street.  The  minimum  covering  allowed  on  top  of  the  pipe  is  4£  ft. 
Before  refilling  the  trench  the  pipe  and  joints  were  tested  by  wrater 
pressure,  the  water  being  let  in  from  the  adjoining  mains. 

In  refilling  the  trench  the  earth  was  thoroughly  compacted  under 
and  around  the  pipe  to  a  height  of  6  ins.  above  the  top  of  the  pipe. 
The  filling  was  then  whetted  down  with  water  from  a  hose  attached  to 
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an  ailjarrnt    hydrant     ami    tin-    refilling   was    a  It  |  i\\  a  i « I  <•.  »n!  i  n  u<  <  1   with- 
out fcajnping  bo  within  6  ine.  ol  the  snrfaoe.      The  fci^enoh   was  then 
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Fig.  17. 

flooded  with  water  and  allowed  to  settle.     The  remainder  was  put  in 
dry  and  thoroughly  rammed. 

This  manner  of  filling 
the  trenches  gave  good 
satisfaction,  in  fact  bet- 
ter than  where  the  filling 
was  put  in  dry  and  com- 
pacted by  ramming  only. 

Where  pipes  were  laid 
under  the  tracks  of 
steam  railroads,  they 
were  arched  over  with 
masonry  (see  Fig.  17). 
This  protects  the  pipe 
from  the  jar  of  the 
trains,  and  the  road-bed 
from  damage  by  water 
in  case  of  a  leak  or 
broken  pipe. 

All  work  was  done  by 
contract.  The  trench- 
ing and  refilling  were 
paid  for  at  one  price  per 
linear  foot  for  each  of  the  Fig.  18. 

different  sizes  of  pipe.     Placing  and  calking  the  pipe,  together  with 
specials,  gates   and   hydrants,  including   the   furnishing  of   lead  and 
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yarn,  were  paid  for  at  one  price  per  lineal  foot  for  each  of  the  differ- 
ent sizes. 

The  valves  were  placed  in  the  crosswalks  as  a  rale,  the  object 
being  to  aid  in  locating  them  at  times  when  they  are  wanted  in  a  hurry 
or  when  they  are  covered  with  snow. 

The  sterns  of  12-in.  or  smaller  valves  are  without  gearing  and  are 
enclosed  by  cast-iron  boxes  (see  Fig.  18).  The  larger  valves  are  geared 
and  are  surrounded  by  brick  vaults  covered  by  cast-iron  caps  (see 
Fig.  19). 

The  valve  stems  are  of  solid  bronze  of  the  following  sizes  : 
36-in.   valve 3    ins.  in  diameter. 


30-in. 
24-in. 

20-in. 
16-in. 
12-in. 
10-in. 

8-in. 

6-in. 


'     2£  ins. 

'     2f  ins. 

"     2iins. 

"     If  ins. 

'     If  ins. 

"     H  ins- 

•     If  ins. 

;'     li  ins. 

;' li  ins. 


L^JJJ^ 


2  0 


4-in.       "     .... 

All  rubbing  surfaces 
of  valves  are  of  non- 
corrosive  metal,  brass 
or  bronze. 

Hydrauts  were  gen- 
erally placed  not  more 
than  300  ft.  a2)art,  and 
those  located  at  street 
corners  were  connected 
with  the  larger  main. 
Valves  were  placed  in 
the  hydrant  branches 
where  they  led  from 
mains  12  ins.  or 
larger  in  diameter.  All 
hydrant  branches  were 
6  ins.  in  diameter. 

Hydrants   were    re- 
quired to  have  an  effective  discharging  area  bet  ween  the  branch  con- 
nection and  the  hydrant  gate  not  less  than  that  of  a  6-in.  pipe.     The 
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diameter  of  the  bydranl  barrel  above  fche  gate  was  required  to  be  a1 
Least  ."»'  Lns.,  and  the  valve  opening  ao1  Less  than  that  <»t'  a  pipe  I.'  ins. 
in  diameter. 

\ll  hydrants  *ere  provided  with  a  brass  drip  spigol  of  special  <!<•- 
Bign,  to  which  was  oonneoted  bj  a  wiped  joint  a  1  -i ii.  Lead  pipe  weigh- 
ing :>\  ll>s.  per  foot.     This  drains  the  bydranl   bund  to  tin*  nearest 

sewer  or  drain. 

A  block  of  masonry  was  bnill  back  of  the  base  of  the  hydrants  to 

protect  the  joints  in  the  branch  from  the  effect  of  a  water  ram. 

The  Length  of  the  hydrant  barrel  from  the  pavement  to  the  top  of 
the  branch  pipe  is  5^  ft. 

During  t  be  very  severe  cold  winter  just  passed  none  of  the  hydrants 
were  frozen. 

Although  the  pressure  was  increased  from  46  to  98  lbs.  per  square 
inch,  no  serious  trouble  has  been  experienced  with  the  old  plumbing. 

Service  pipes  are  of  "  3A  "  lead  and  are  required  to  have  not  less 
than  a  5-ft.  covering,  and  to  have  a  valve  and  box  at  the  curb. 

Skaneateles  water  for  manufacturing  purposes  and  domestic  use  is 
strikingly  superior  to  that  furnished  formerly  from  Onondaga  Creek. 
This  is  obvious  when  a  comparison  is  made  between  the  two.  In  the 
report  submitted  to  the  Water  Board  in  1889,  the  following  will  be 
found  as  an  average  of  the  several  analyses  : 


Solids,  volatile 

"      fixed  

Hardness,  temporary. 
"         permanent 

Sulphates 

Nitrates , 

Chlorine 


Parts  per  100  000. 


Skaneateles  Lake     Onondaga  Creek 
water.  water. 


1.600 
11.433 
7 .  95 
1.80 
0.497 
0.023 
0.353 


6.500 
48  350 
16.95 
19.46 
20.778 
0.059J 
1.850 


In  the  old  supply,  boilers  became  heavily  encrusted  with  a  hard 
scale  which  had  to  be  removed  by  chemicals.  Since  Skaneateles  water 
has  been  introduced,  manufacturers  say  that  the  old  scale  on  boilers 
has  become  decomposed  and  is  now  found  in  the  form  of  mud  easily 
disposed  of  by  flushing  with  water. 

For  laundry  purposes  the  water  is  excellent,  many  preferring  it  to 
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rain  water  that  has  been  stored  in  cisterns,  as  it  leaves  articles  washed 
in  it  whiter  than  rain  water  does.  The  additional  amount  of  soap 
required  to  make  suds,  is  hardly  noticeable  in  ordinary  family  use. 

As  a  potable  water  it  is  equal  to  any  city  supply  in  the  country. 
In  the  report  of  1889,  Charles  G.  Currier,  M.l). ,  of  New  York  City,  says 
of  it  :  "This  water  compares  favorably  with  the  best  waters  of  which 
bacteriological  analyses  have  been  made."  The  small  amount  of 
mineral  matter  which  it  contains  relieves  it  of  that  insipid  taste  which 
perfectly  soft  water  has. 

In  conclusion,  it  affords  the  author  pleasure  to  acknowledge  the 
service  rendered  in  the  construction  of  these  works  by  his  assistants  : 
Mr.  F.  M.  Wakefield,  who  made  the  preliminary  and  location  surveys  ; 
Mr.  O.  H.  Bogardus,  recently  deceased,  who  was  in  charge  of  all  work 
at  Skaneateles  Lake;  Mr.  R.  J.  Marcher,  on  Section  No.  1  of  the  conduit 
line ;  Mr.  William  Kelley,  Sections  Nos.  2  and  3,  and  city  work  ;  Mr. 
C.  A.  Beach,  Section  No.  4,  and  the  Woodland  Reservoir  ;  Mr.  C.  F. 
Taylor,  city  distribution  ;  Messrs.  W.  S.  Farrington  and  Thomas  McE. 
Vickers,  in  charge  of  the  drafting  department  ;  and  other  assistants. 
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DISCUSS  ION. 


M -.  i  roes        .1.  J.  R.  Oboes,  M.  Am.  Boo.  0.  E.,  had  Listened  with  greal   int. 

to  the  \  ery  deal-  ami  full  description  of  the  works  recently  constructed 

for  Supplying  water  to  the  important   oil  v  of   Syracuse,   the  population 

of  which  has  grown  from  51  792  in  L880  to  88  I  r.  in  L890,  and  was  be- 
lieved to  be  over  loo  000  at  the  present  time. 

I  leaving  to  others  the  discussion  of  t  he  engineering  feat  ares  of  the 
paper,  it  seemed  to  him  thai  a  somewhat  fuller  accounl  of  the  history 
of  the  works  might  be  of  interesl  as  showing  how  a  very  important 
enterprise  might  be  carried  to  a  successful  completion  in  spite  of  de- 
termined opposition  In  careful  attention  to  the  principle  of  first  being 
sure  yon  are  right  and  then  going  ahead  in  a  systematic  and  deter- 
mined manner. 

At  the  time  the  preliminary  examinations  to  which  the  author  has 
alluded  were  made  in  1888,  the  city  of  Syracuse  had  been  supplied  for 
60  years  by  a  private  company.  The  water  furnished  by  this  company 
was  not  palatable  or  wholesome,  and  the  works  generally  were  insuffi- 
cient and  in  rather  poor  condition.  The  agitation  for  other  supply  had 
been  in  progress  for  some  20  years,  and  17  years  previous  to  this  period 
the  speaker  had  investigated  the  subject  of  a  supply  from  the  Tully 
Lakes  under  direction  of  the  late  Alfred  W.  Craven,  Past  President 
Am.  Soc.  C.  E.,  and  had  reported  on  the  same,  and  during  the  inter- 
vening period  various  projects  had  been  broached  and  companies 
formed  for  the  purpose  of  introducing  a  new  supply  from  a  variety  of 
sources,  so  that  when  the  speaker  was  called  upon  by  the  Water  Com- 
missioners in  1888  to  investigate  thoroughly  the  whole  subject  he 
found  that  there  were  11  different  sources  of  supply,  each  of  which 
was  considered  by  its  advocates  to  be  the  best  and  only  practicable  one* 
These  sources  were  the  Salmon  Elver,  Skaneateles  Lake,  Lake  Ontario, 
Seneca  Eiver,  Onondaga  Creek  at  Cardiff,  ground  water  in  the  creek 
valley  from  driven  wells,  Cazenovia  Lake,  Oneida  Lake,  Otisco  Lake, 
the  Tully  Lakes,  and  the  Syracuse  Water  Company's  works,  com- 
prising springs  and  the  water  of  Onondaga  Creek. 

A  very  thorough  examination,  topographical,  chemical  and  bio- 
logical, was  made  of  all  these  sources  of  supply,  with  the  result  that 
the  speaker,  as  stated  by  the  author,  recommended  the  water  of  Skan- 
eateles Lake  as  the  best  source,  and  presented  such  evidence  in  sup- 
port of  this  recommendation  that  the  Water  Commissioners  unan- 
imously approved  it,  and  after  a  bitter  contention  in  the  public  press, 
at  public  meetings  and  in  the  Legislature,  the  citizens  of  Syracuse 
approved  of  the  conclusion  reached  by  a  vote  of  12  212  affirmative  to 
910  negative  votes.  This  did  not  end  the  contest,  however,  for  a 
prominent  citizen  of  Syracuse  and  a  member  of  this  Society  was  still 
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so  unconvinced  and  so  impressed    with   the  especial    desirability   of  Bfr.  ''roes. 

another  source1  of  supply  that  he  brought  a  suit  in  the  courts  to 
restrain  the  city  from  undertaking  the  works  on  the  ground  that  tin- 
law   was  unconstitutional.     On  June  15th.  1890,  ■  Bpecial  term  of  the 

Supreme  Court  confirmed  the  constitutionality  of  the  law.  On  April 
1st.  1891,  a  general  term  of  the  Supreme  Court  reversed  that  decision 

and  on  June  25th,  1891,  the  Court  of  Appeals  reversed  in  turn  the  de- 
cision of  the  general  term,  and  on  December  22d,  1891,  tin- Court  of 
Appeals  again  decided  that  the  law  was  constitutional  and  that  the  city 
of  Syracuse  could  proceed  to  take  the  waters  of  Skaneateles  Lake. 

The  principal  ground  of  opposition  to  the  scheme  proposed  was 
that  the  state  of  New  York  required  the  waters  of  Skaneateles  Lake 
for  the  Erie  Canal,  and  the  contest  in  the  Legislature,  before  the  Canal 
Board,  and  before  the  Commissioner  of  Public  Works  and  the  State 
Engineer  was  chiefly  promoted  by  the  friends  and  adherents  of  the 
Erie  Canal,  including  the  Produce  Exchange  of  New  York  City  and  the 
Board  of  Trade  of  Buffalo. 

The  law,  as  finally  passed,  required  that  the  city  of  Syracuse  should 
make  good  to  the  state  of  New  Y'ork  a  supply  of  water  equivalent  to 
that  taken  from  Skaneateles  Lake.  The  method  of  compensating  the 
state  was  the  subject  of  a  protracted  contest  in  which  the  speaker  took 
an  active  part,  with  the  result  that  the  counsel  for  the  Water  Board  at 
the  close  of  the  contest  kindly  wrote:  "  Y'ou  furnished  the  ammunition 
and  we  lawyers  fired  it  off ;  the  force  of  the  ammunition  produced  the 
result," 

At  the  time  of  the  termination  of  the  speaker's  connection  with  the 
Water  Board  on  June  30th,  1891,  the  final  decision  of  the  courts  was 
still  in  abeyance,  but  immediately  upon  its  being  rendered,  the  Com- 
missioners entered  upon  the  work  with  the  results  wlndi  have  been  so 
clearly  stated  by  the  author. 

To  the  speaker,  some  of  the  facts  stated  in  the  paper  were  extremely 
gratifying.  The  cost  of  the  construction  of  the  entire  conduit  line  was 
estimated  in  the  Report  of  1889  at  8717  111.  The  actual  cost  was 
$738  771.65.  The  value  of  the  36  water  powers  on  the  line  of  Skane- 
ateles Creek  was  estimated  in  1889  at  8172  000.  In  the  paper  the  entire 
cost  is  given  as  8462  000. 

The  value  of  the  plant  of  the  Syracuse  Water  Company  which  the 
Water  Commissioners  were  authorized  by  the  law  to  purchase  was 
estimated  by  the  speaker  in  1889  at  8850  000,  and  this  was  precisely 
the  amount  which  the  Commissioners  of  Appraisal  awarded  to  the  com- 
pany in  1891. 

At  the  time  the  preliminary  estimates  were  made,  the  speaker  con- 
sidered it  advisable  to  suggest  cast-iron  as  the  material  for  the  conduit 
pipe.  This  was  done  mainly  for  reasons  of  policy.  It  was  deemed 
safer  to  recommend  the  use  of  a  well-known  and  long-used  material  for 
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Mi   Gross,  the  conduit  line  than  to  attempt  to  recommend  the  nee  of  any  novel- 
ties in  construction,  as  they  might  have  been  con  icker<  d  at  that  time. 

In  April.  L891,  tin"  Bpeaker  in  response  fco  a  request  from  the  w 
Oommissioners,  inyestigated    the  subject  of  pipe  material    with  con- 
siderable care  and  then  recommended   that   the  conduit   pipe  in  this 

particular  instance  should  l>c  made  of  plate  Bteel  Under  carefully  pre- 
pared specifications  and  stringent  inspection.  It  appears  from  the 
paper,  however,  that  cast-iron  was  used,  and   it    would  be  interesting 

to  know  the  reasons  which  led  to  t  he  adoption  of  that  material,  in  view 

of  the  general  sentiment  which  appears  to  prevail  at  the  present  time. 

in   favor  of  steel  conduits. 

Mr.  Gould.  E.  Sm  kman  (Jould,  M.  Am.  ttoc.  ('.  E. — Judging  from  the  descrip- 
tion and  drawings  of  the  dam  at  Skaneateles  Lake,  the  masonry  rests 
on  a  timber  grillage,  with  an  earthen  embankment  behind,  and  a  single 

row  of  sheet  piling  underneath  the  masonry  dam.  This  seemed  to  the 
speaker  to  be  taking  a  good  many  chances  on  the  foundation.  Indeed, 
there  is  no  foundation  at  all,  as  the  timber  platform  or  grillage  appears 
to  be  placed  on  the  surface  of  the  ground.  Setting  aside  the  want  of  a 
proper  depth  to  the  foundation,  he  asked  why,  if  the  ground  was 
solid,  was  a  grillage  needed  at  all,  and  if  it  were  not  solid,  why 
was  a  timber  platform,  placed  directly  upon  the  surface,  considered 
sufficient,  with  merely  a  row  of  sheet  piling  as  a  cut-off. 

The  speaker  also  criticised  the  design  of  the  distributing  reservoir, 
as  lacking  a  center  wall  or  core  of  masonry  inside  the  embankment. 
The  masonry  facing  is  only  or  principally  a  protection  against  wash, 
and  is  always  liable  to  crack  and  leak  from  settlement  of  the  bank  and 
other  causes.  It  is  true  that  in  the  case  of  a  small  distributing  reser- 
voir into  which  water  is  pumped,  or  into  which  it  runs  by  gravity,  as 
in  the  present  case,  the  j^recaution  of  a  masonry  center  wall  is  less 
needed,  and  the  speaker's  remarks  applied  more  particularly  to  large 
earthen  dams.  It  seemed  to  him  that  no  lengthy  argument  could  be 
needed  to  show  how  greatly  the  safety  of  an  earthen  dam  is  increased 
by  the  existence  of  a  stout  center  wall  of  masonry,  penetrating  well 
into  the  sides  of  the  valley  and  carried  down  to  a  proper  dejith  below 
the  surface.  It  raises  the  type  of  structure  at  once  from  one  about 
which  fears  may  be  always  entertained,  to  one  which  may  be  reasonably 
regarded  as  permanent.  If  water  once  begins  to  penetrate  an  earthen 
embankment,  the  gravest  apprehensions  should  arise  as  to  its  safety.. 
Such  leaks  may  be  and  frequently  are  taken  up  by  the  silting  in  of 
material  held  in  suspension,  but  it  is  quite  certain  that  if  an  engineer 
should  find  water  percolating  through  his  earthen  dam,  he  would  be 
in  a  very  uneasy  frame  of  mind  until  the  percolation  was  stopped. 
The  reason  is  obvious.  When  water  once  finds  its  way  through  an 
earthen  bank,  the  leak  is  very  liable  to  go  on  increasing,  because  the 
bank  is  composed  of  an  aggregation  of  minute  particles  readily  carried 
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away  by  the  water.     If  there  is  a  center  wall  of  masonry,   however,  Mr.  Gould. 
small  titrations  of  water  need  noi  cause  anything  like  the  same  de$ 
of  apprehension,    becanse  water   can    pass   through   crevices   in   the 
masonry    almost    indefinitely,    without     appreciably    enlarging    the 
passages. 

The  late  William  J.  Me  Alpine,  Hon.  M.  Am.  Soe.  C.  E.,  in  a  paper 
read  at  the  Annual  Convention  of  1889,  at  Seabright,  gave  three  chief 
causes  for  the  failure  of  dams  : 

First  land  for  two-thirds  of  the  cases  which  he  had  examined), 
leakage  of  the  outlet  pipes  or  conduits.  * 

Second,  an  incomplete  connection  of  the  natural  and  artificial  earth 
at  the  bottom  and  sides  of  the  valley,  and 

Third,  the  want  of  sufficient  waste  ways,  leading  in  floods  to  the 
overflowing  and  consequent  destruction  of  the  dam. 

Every  one  of  these  causes  the  speaker  believed  to  be  eliminated,  or 
at  least  greatly  reduced,  by  the  presence  of  a  good  masonry  center 
wall.  A  perfectly  tight  connection  can  be  made  with  all  the  pipes  or 
conduits  leading  through  the  bank,  rendering  it  impossible  for  water 
to  follow  along  their  outer  sides;  any  imperfect  bonding  of  the  em- 
bankment with  the  bottom  and  sides  of  the  valley  is  remedied  by  the 
presence  of  a  solid  cut-off  which  effectually  breaks  the  joint  between 
the  two,  and  should  the  dam  be  over-topped  by  a  flood,  its  destruction 
would  be  either  wholly  prevented  or  at  the  worst  so  greatly  retarded, 
that  the  consequent  disaster  would  be  robbed  of  a  great  part  of  its  ter- 
rors. While  the  greatest  care  should  be  bestowed  ivpon  the  construc- 
tion of  the  bank,  even  when  a  masonry  center  wall  is  used,  it  will 
always  give  the  engineer  a  great  deal  of  confidence  in  his  work  to  recol- 
lect that  he  has  a  safeguard  against  all  those  imperfections  which  are 
apt,  in  spite  of  the  greatest  vigilance,  to  creep  into  the  best  work. 

A  puddle  wall  is  a  very  feeble  and  delusive  substitute  for  a  masonry 
one.  For  one  reason,  it  offers  no  security  against  the  attacks  of  musk- 
rats  and  other  burrowing  animals. 

The  speaker  would  ask  in  conclusion  whether,  in  view  of  the  ap- 
palling list  of  failures  which  stands  recorded  against  dams  and  reser- 
voirs the  world  over,  a  record  which  it  is  believed  is  exceeded  by  that 
of  no  other  class  of  engineering  structures,  and  which  is  increased  by 
every  freshet  and  flood  which  occurs,  hydraulic  engineers  should  not 
take  a  firm  and  united  stand  in  favor  of  types  which  ensure  the  great- 
est degree  of  safety. 

J.  J.  R,  Ckoes,  M.  Am.  Soc.  C.  E.  — The  New  York  Legislature  lim-  Mr.  Croes. 
ited  the  size  of  the  conduit  to  30  ins.  because  at  the  given  gradient  a 
pipe  of  that  diameter  will  deliver  15  000  000  galls,  a  day.  A  careful 
study  of  the  quantity  of  water  which  it  was  desirable  to  introduce  into 
the  city  of  Syracuse  led  the  speaker  to  the  conclusion  that  a  15  000  000- 
gall.  supply  would  meet  the  wants  of  the  community  for  such  a  period 
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Mr.  dm**,  of  time  thai  the  interest  oharges  would  jusl  equal  the  firsl  oosi  of  the 
works.     The  Water  Commissions]  d  thai  a  provision  tor  a  supply 

for  thai  period  would  be  the  most  judicious  financially  and  limited 
their  proposed  expenditure  to  the  sum  estimated  as  needed  for  that 
purpose,  and  tin1  law  was  so  framed  thai  fche  objection  could  nol  be 
made  thai  it  was  proposed  to  take  an  unlimited  supply  from  Skaneat- 
eles  Lake. 

With  regard  to  the  const  ruction  of  earthen  dams,  the  speaker 
stated  his  belief  that  an  impervious  core  wall  could  be  obtained  of 
other  material  than  masonry  which  would  be  just  as  good;  it  must  be 
made  of  the  best  material,  however,  and  well  placed.  Many  miles  of 
embankments  and  dams  are  now  standing  in  the  United  States  in 
which  the  center  is  a  wall  of  puddled  earth  and  clay,  combined  in 
suitable  proportions  and  placed  properly,  and  such  walls  are  as  im- 
pervious as  any  of  masonry  can  be.  It  is  true  that  a  reservoir  can 
be  constructed,  like  one  recently  built  on  Long  Island,  N.  Y.,  which  is 
no  better  than  a  filter-bed;  this  is  not  the  fault  of  the  method  of  con- 
struction, however,  but  of  the  material,  which  is  nntit  for  reservoir 
banks  and  cannot  be  made  thoroughly  impervious  to  water.  That  the 
mode  of  construction  was  not  at  fault  is  evinced  by  the  fact  that  the 
Ridgewood  Reservoir  of  the  Brooklyn  Water- Works,  built  after  the 
same  general  plan  more  than  30  years  ago,  has  been  tight  ever  since 
water  was  turned  into  it.  The  puddle  wall  in  the  center  of  the  bank 
and  on  the  slopes  was  made  with  good  clay  mixed  with  the  proper 
amount  of  gravelly  earth  and  well  worked  with  spades.  Another  reser- 
voir of  the  same  description  is  in  Central  Park,  New  York;  it  was  built 
in  1860  by  General  George  S.  Greene,  Past  President  Am.  Soc.  C.  E. , 
and  has  been  perfectly  tight  ever  since.  Another  such  at  High  Bridge, 
New  York  City,  built  in  1869,  has  never  leaked. 
Mr.  Bogavt.  •  John  Bogart,  M.  Am.  Soc.  C.  E. — The  signing  of  the  Syracuse 
water  papers,  one  of  the  last  official  acts  of  the  speaker  during  his 
term  of  office  as  State  Engineer  of  New  York,  was  the  culmination  of  a 
series  of  long-continued  discussions  and  contests.  There  was  an  ap- 
prehension in  the  minds  of  some  people  who  had  to  do  with  the  Erie 
Canal,  that  the  taking  away  of  the  amount  of  water  which  could  now 
from  Skaueateles  Lake  through  a  30-in.  pipe  at  the  established  gradi- 
ent might  cause  a  scarcity  of  water  in  a  small  portion  of  the  canal  fed 
partially  from  this  lake,  thus  possibly  delaying  boats.  The  represent- 
atives of  the  city  of  Syracuse,  particularly  the  engineer  who  made  the 
designs  for  the  new  works,  stated  to  the  State  Canal  Board,  of  which 
the  speaker  was  a  member,  that  the  storage  capacity  of  the  lake  could 
be  increased  so  as  to  secure  to  the  canal  all  the  water  which  was  really 
needed  during  the  season  of  navigation.  Much  of  the  opposition  to 
the  proposed  works  came  from  the  village  of  Skaneateles  and  from  the 
mill  owners  along  Skaneateles  Creek.     During  the  season  of  navigation 
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the  water  in  the  feeder  between  the  Lake  and  the  canal  was  used  by  the  Mr.  Bogart. 
different  mills;  they  also  used  water  in  the  winter,  although  the  canal 
does  not  want  it  then.  The  speaker  was  convinced  at  the  time  of  the 
hearings  on  the  case,  that  the  pondage  of  the  winter  rainfall  from  the 
water-shed  would  supply  the  city  of  Syracuse  with  all  the  water  that 
would  pass  through  the  proposed  30-in.  pipe.  Therefore  putting  aside 
the  question  of  mill  rights  along  the  creek,  the  canal  could  have  all  the 
water  it  ever  had.  and  the  city  of  Syracuse  could  have  the  surplus 
amount  stored  by  raising  the  level  of  the  lake,  which  was  formerly 
allowed  to  run  away  during  the  season  of  non-navigation. 

Concerning  the  matter  of  reservoir  embankments,  the  speaker  did 
not  agree  with  Mr.  Gould's  remarks  to  the  effect  that  a  dam  or  water- 
bearing embankment  built  of  earthy  materials  must  be  made  abso- 
lutely impervious,  for  if  water  were  to  percolate  through  it,  then  failure 
would  result.  On  the  contrary,  he  knew  from  personal  experience  with 
many  miles  of  earthen  embankments  which  have  been  leaking  for  a  long 
time,  that  many  of  them  have  been  silting  up  gradually  instead  of  giv- 
ing away.  These  banks  were  built  entirely  of  earth,  generally  with  a 
puddle  core.  The  failures  which  occur  so  often  have  seldom  been  due 
to  the  percolation  of  water  through  the  earth,  but  a  constant  cause  of 
failure  has  been  the  location  of  a  pipe  or  something  of  that  nature  in 
the  bank.     This  should  not  be  done  exeejjt  with  extreme  precautions. 

An  embankment  of  sand  and  some  puddle  was  instanced  which 
leaked  very  much  at  first;  the  water  was  a  little  muddy  and  gradually 
silted  up  the  bank.  The  speaker  did  not  wish  to  go  on  record  as  being 
opposed  to  a  masonry  core,  and  he  had  under  consideration  at  that 
moment  a  dam  in  which  he  was  strongly  inclined  to  put  one.  On  the 
other  hand,  he  regarded  such  a  core  as  an  extreme  precaution  for  the 
sake  of  safety.  If  he  had  just  the  material  wanted  and  was  certain 
that  water  would  not  rise  to  the  top  of  the  dam  he  was  designing,  he 
might  be  willing  to  build  it  without  any  masonry  core,  although  it  is 
60  ft.  high.  In  the  construction  of  all  earth  dams,  however,  it  is  abso- 
lutely necessary  to  make  provisions  for  the  safe  flow  from  the  reservoir 
of  as  much  water  as  can  ever  enter  it.  In  the  discussion  in  Volume  X 
of  the  Transactions,  Joseph  P.  Davis,  M.  Am.  Soc.  C.  E.,  states: 

"  In  the  construction  of  the  dams  for  the  storage  reservoirs  on  the 
Sudbury  River,  the  overflow  weirs  were  proportioned  to  carry  off  with- 
out injury,  floods  of  160  cu.  ft.  per  second  per  square  mile.  Although 
the  gaugings  had  not  shown  a  discharge  of  more  than  one-fourth  of  that 
amount,  the  examinations  of  Mr.  James  B.  Francis  proved  that  such  a 
flood  was  probable  at  some  time."' 

The  rule  there  adopted  seemed  to  the  speaker  to  suggest  the  prin- 
ciple which  should  be  followed  by  every  engineer  who  designs  a  stor- 
age reservoir.  Fairly  accurate  statistics  of  rainfall  can  generally  be 
secured,  and  frequently  there  is  to  be  found  some  information  as  to 
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Mr.  Bogart  particularly  beavj  Btorma  in  the  region  of  the  water-shed.  II'  suitable 
provision  is  made  for  wasting  all  the  surplus  water  which  can  by  any 
possibility  reach  the  reservoir,  there  will  be  no  danger  of  t  he  darn  being 
01 ertopped  by  1  he  water  behind  it . 

The  author  states  thai  "to  meet  the  requirements  in  the  Law  author- 
izing the  city  to  take  water  from   Ska  in  a  I  eles  Lake  it   was  necessary  to 

increase  the  storage  capacity  of  the  Lake  sufficiently  to  stoic  t  herein  the 
ordinary  1 1  <  >  \\  of  its  water-shed. "  This  additional  storage  capacity  was 
obtained  by  building  a  dam  higher  than  the  old  dam.  thus  raising  the 
maximum  water  Level  of  the  lake.  Jn  the  arguments  preceding  the 
authorization  of  the  works,  Mr.  Croes,  as  the  engineer  representing  the 
city  of  Syracuse,  suggested  that  the  available  storage  capacity  of 
Skaneateles  Lake  might  be  just  as  well  increased  by  lowering  the  out- 
lot  from  which  water  was  taken,  thus  enabling  a  large  volume  to  be 
drawn  off  which  could  not  be  taken  under  the  conditions  existing  then. 
But  there  was  one  member  of  the  Canal  Board,  whose  consent  was  re- 
quired before  work  could  begin,  who  could  not  see  the  matter  in  that 
light,  so  the  level  of  the  lake  had  to  be  raised,  involving  considerable 
expense  to  the  city. 
Mr.  Emery.  Chakles  E.  Emery,  M .  Am.  Soc.  C.  E.  —There  were  other  consider- 
ations than  those  mentioned  by  Mr.  Croes  which  led  to  the  final  adop- 
tion of  the  30-in.  conduit  recommended  in  the  engineer's  reports. 
The  mill-owners  had  an  interest  in  the  water  as  it  flowed  over  the  dam 
at  Skaneateles  Lake  to  supply  the  Erie  Canal,  and  in  all  the  legal 
arguments  a  pipe  of  this  size  was  referred  to  as  limiting  the  quantity 
which  could  be  taken,  its  capacity  exceeding  but  a  trifle  the  amount  of 
water  condemned.  In  these  suits  it  was  considered  important  that  as 
much  water  should  go  into  the  Erie  Canal  after  as  before  the  con- 
struction of  the  proposed  water-works,  so  that  the  mills  should  not  be 
deprived  of  their  water  powers.  It  was  also  contended  that  the  mills 
should  be  reimbursed  for  the  loss  of  power  during  the  winter  when  the 
lake  was  filling  and  no  water  flowed  from  it.  In  these  suits  of  a  mixed 
engineering  and  legal  character,  interesting  technical  questions  are 
often  involved.  In  this  case  the  contention  was  principally  as  to  the 
value  of  the  water  which  would  be  lost  to  the  mills  while  the  lake  was 
rising,  since  during  the  rest  of  the  year  there  would  be  no  alteration 
of  the  old  conditions.  The  city's  defence  was  that  very  little  water 
flowed  through  the  canal  feeder  in  the  winter.  At  one  of  the  mills 
where  a  large  quantity  of  water  was  used  in  washing  woolens,  the  city 
claimed  that  the  water-shed  between  the  lake  and  mill  was  sufficient  to 
furnish  the  supply  needed.  The  answer  to  this  was  that  the  slope  was 
so  steep  and  the  ground  so  hard  that  the  rainfall  ran  off  in  little 
freshets,  and  that  the  rocky  bottom  of  the  stream  was  so  porous  that 
part  of  the  water  passed  under  the  woolen  works  by  subterranean 
channels.     The  latter  contention  was  demonstrated  forcibly  by  placing 
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soine  aniline  dye  in  the  creek  above  tjie  establishment,  which  disap-  Mr.  Emery, 
peared  and  came  t<»  r  1 1  * ■  surface  again  below  fche  works. 

The  abstract  value  of  the  water,  apart  from  the  power  which 
it  might  furnish,  was  brought  up  in  the  Syracuse  cases,  but  the 
most  interesting  decision  on  this  subject  is  that  relating  to  the 
claim  of  the  American  Print  Works  of  Fall  Stiver.  There  was  no 
trouble  in  agreeing  upon  the  flow  of  the  stream  from  which  this  plant 
took  water.  The  company  only  owned  a  fraction  of  the  current  flow 
for  a  fraction  of  the  total  fall,  and  the  condemnation  was  but  a  small 
percentage  of  the  whole,  but  the  appraisers  awarded  this  company 
$10  000  because  the  water  was  used  for  washing,  etc.,  and  nothing  else 
could  replace  it,  while  a  less  sum  was  divided  among  a  considerable 
number  of  owners  of  water  power  rights  on  the  stream.  Afterward 
another  condemnation  was  agreed  to  on  the  same  basis  of  compensa- 
tion, but  when  it  became  evident  that  still  another  condemnation  must 
be  made  it  was  suggested  that  the  owners  allow  the  city  to  take  all  the 
water  required  on  consideration  that  the  city  remit  the  taxes  of  the  mills 
for  water  power,  it  being  evident  that  as  the  use  by  the  city  increased 
there  would  be  less  water  power  to  be  taxed.  The  adjustment  of  the 
various  interests  was  an  interesting  problem,  and  the  speaker  was  finally 
able  to  demonstrate  that  the  compromise  was  for  the  interest  of  both 
parties,  by  assuming  a  water  consumption  in  the  future  based  on  the 
probable  increase  in  population  and  comparing  the  taxes  on  the  value 
of  the  water  with  the  interest  on  the  bonds  which  the  city  would  be 
obliged  to  issue  to  pay  for  the  condemnations.  Eventually  the  compro- 
mise was  agreed  to  by  both  parties. 

J.  X.  Greene.  M.  Am.  Soc.  C.  E. — While  the  speaker  had  never  Mr.  Greene, 
built  a  dam  with  a  masonry  core  wall,  he  considered  them  an  extra 
safeguard.  The  banks  he  had  constructed  had  a  central  puddle  core, 
the  puddle  being  of  the  best  gravel  and  clay,  without  any  loam. 
With  such  material,  properly  placed  and  thoroughly  packed,  a  dam 
can  be  made  impervious  to  water.  The  objection  to  the  masonry  core 
wall  is  that  it  is  seldom  tight  as  usually  constructed.  The  water 
penetrates  through  the  earth  to  the  masonry  so  that  eventually  the 
entire  up-stream  face  of  the  core  is  exposed  to  a  hydrostatic  pressure, 
and  the  water  passes  through  the  masonry  into  the  lower  side  of  the 
dam.  To  obviate  this  and  to  combine  all  the  advantages  of  puddle 
and  masonry  in  one  structure,  he  recommended  building  a  masonry 
core  and  placing  a  puddle  wall  against  its  upstream  face. 

Many  earth  dams  have  gone  out  because  engineers  have  only  made 
them  impervious  up  to  the  assumed  high-water  line.  During  unusual 
freshets  the  water  would  rise  above  this  line,  where  there  was  no 
puddle  or  core  to  prevent  its  percolation  through  the  earth.  The  top 
of  the  dam  would  be  washed  out  and  then  its  face,  resulting  in  the 
partial  or   complete  failure   of   the   entire  structure.      Mr.   Bogart's 
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Mr.  Greene,  statement  thai  the  water  will  not  OTertop  fche  bank  when  t  In-  s|till  way 
or  other  outlet  is  suitably  designed  the  speaker  oonsidered  true 
i  loept  "ii  extraordinary  occasions.  The  Latter  <l<>  occur,  however,  and 
provision  must  be  tnade  for  them  by  making  the  dam  impervious  to 
it-  topi 
Mr  r.uciv.  I.  I.  Buck,  M.  \m.  8oc.  0.  B. — The  nature  oi  the  materia]  on 
winch  the  dam  or  embankment  is  to  be  built  must  be  oonsidered  in 
determining  the  material  and  form  of  construction  of  the  dam  itself. 
1 1'  t  he  dam  is  to  l>c  built  on  solid  rock,  a  masonry  core  might  be  useful 
in  some  oases,  but  even  on  s  rock  foundation  a  puddle  \\;ill  has  been 
found  to  serve  the  purpose  fully.  But  in  works  like  the  Mississippi 
Levees  the  masonry  core  would  be  an  exceedingly  doubtful  construc- 
tion. The  same  conditions  frequently  occur  in  canal  embankment. 
AlS  for  the  insertion  of  pipes  through  a  reservoir  embankment,  it  is 
not  to  be  supposed  that  an  engineer  would  lay  them  directly  in  the 
earth.  If  he  could  not  build  a  gate-house  for  the  pipes,  he  would  at 
least  have  a  series  of  flanges  around  the  outside  of  the  pipe  so  as  to 
bond  thoroughly  with  the  puddle  wall. 
Mr.  Christian.  G.  L.  Christian,  Assoc.  M.  Am.  Soc.  C.  E. — The  paper  states  that 
the  cement  was  tested  in  the  form  of  a  mortar  mixed  in  the  proportion 
by  weight  of  1  part  of  sand  and  1  part  of  cement.  The  general 
method  of  testing  cement  throughout  the  country,  the  speaker  be- 
lieved, is  in  a  mortar  in  which  the  sand  and  cement  used  are  propor- 
tioned by  volume,  not  by  weight,  and  he  thought  the  author  should 
explain  the  reason  for  his  selection  of  another  method. 
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CORRESPONDENCE. 


J.  L.  Van  Obnum,  Assoc.  M.  Am.  Soc.  C.  E. — Engineers  will  be  in-  Mr.VanOrnum 
terested  in  a  fuller  explanation  of  the  surveys,  the  accuracy  of  which 
has  so  great  an  influence  on  economy  of  construction  where  alignment 
and  grade  are  most  important  factors,  and  the  avoidance  of  any  amount 
of  rock  excavation  means  a  considerable  decrease  in  cost.  The  author 
states  that  the  topographical  notes  were  obtained  by  sighting  along 
the  edge  of  a  slope  board  so  graduated  that  a  suspended  pendulum  in- 
dicated the  horizontal  distance  between  contours;  knowing  the  length 
of  the  slope,  the  number  of  contours  on  the  slope  is  known  and 
plotted.  Will  the  author  state  how  the  length  of  the  slope  was 
measured?  The  method  of  graduating  the  board  indicates  that  it 
was  measured  horizontally.  From  the  fact  that  a  contoured  map  was 
plotted  from  these  observations,  it  is  evident  that  such  distances  were 
accurately  obtained.  A  contoured  map  does  generally  and  should 
always  involve  the  principle  of  exactness  within  the  limits  of  its 
scale.  Engineers  are  coming  to  use  instruments  of  precision  for  ob- 
taining topographical  data,  with  little  or  no  extra  expense.  If  the 
slope  board,  formerly  so  much  used  on  railroad  topography,  still 
holds  a  field  of  peculiar  applicability,  they  will  be  interested  in  having 
that  field  defined. 

The  writer  believes  the  care  and  ability  shown  in  the  laying  and 
inspection  of  the  pipe  line  to  be  a  valuable  example,  especially  the 
hydraulic  test  on  the  pipe  in  position  before  the  different  sections  of 
the  trench  were  finally  refilled. 

John  W.  Hill,  M.  Am.  Soc.  C.  E.  — The  bacterial  condition  of  the  Mr.  Hill, 
water  of  Skaneateles  Lake,  according  to  Dr.  Currier's  report,  is 
remarkable,  and  except  sewage  contamination  of  the  water  occurs  at 
some  time  in  the  future,  the  typhoid  rates  for  Syracuse,  so  far  as  the 
local  water  supply  is  concerned,  should  be  very  low.  The  reference 
to  living  bacteria  is  unnecessary,  the  dead  bacteria  are  of  course 
beyond  the  power  of  reproduction,  and  even  if  pathogenic  varieties 
were  among  them,  they  are  beyond  the  possibility  of  harm.  It  is 
very  gratifying  to  know  that  in  passing  on  the  quality  of  this  water, 
chemical  tests  alone  were  not  relied  upon.  Heretofore  the  chemical 
test  has  been  regarded  as  sufficient  for  sanitary  purposes,  when  it  is 
well  known  that  some  of  the  most  harmful  of  pathogenic  germs  will 
flourish  for  a  long  time  in  water,  which  from  the  chemical  point  of 
view  would  be  eminently  potable. 

It  is  suggested  that  a  comparison  of  the  typhoid  fever  rates  for  the 
five  years  previous  to  the  introduction  of  the  Skaneateles  water,  and 
for  a  few  years  after  will  furnish  valuable  information  to  those  of  the 
profession  interested  in  the  purely  sanitary  features  of  water  supply, 
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Mr.  1 1  ill.  for  tlio  true  lest   "I"  tin    quality  of  t  lie  w  ater  will   1  ><■  it  -   in  tl  iiriicc  on  the 

health  of  I  be  oil  Lzene  of  s_\  recuse. 
Mi  LeOonta*  L.  .).  Li  Oonte,  M.  Am.  Soo.  C.  E. — The  author  picture!  the 
usual  malady  which  kills  water  oompauiea  throughout  the  country, 
camely,  their  inability  to  anticipate  the  rapid  growth  in  population, 
as  well  as  a  general  lack  of  judgment  and  foresighl  in  grasping  the 
irresistible  Decessitiea  which  the  Future  always  develops.  In  all  <• 
the  public  is  t  he  body  to  be  sat  is  tic.  I,  and  they  must  he  gral  ifled  nolens 
volens. 

The  30-in.  cast-iron  conduit  is  made  of  heavy  iron,  and  this  fact 
surest s  the  propriety  of  using  steel  pipe  instead.  The  writer  lias  no 
don  1)1  that  the  item  <>!'  transportation  and  hauling  these  heavy  cast  Lngfl 
over  such  a  rough  broken  country  to  the  site  of  the  pipe  line  must 
have  been  a  slow  and  expensive  operation. 

The  4-in.  air  valves,  as  shown,  are  automatic  only  when  acting  as 
vacuum  valves,  while  the  pipe  line  is  in  process  of  being  emptied,  and 
to  let  air  escape  from  the  pipe  line  the  valve  has  to  be  forced  open  by 
means  of  a  screw  stem  overhead.  Looking  at  the  profile,  Fig.  10,  it  is 
natural  to  suppose  that  at  the  light-pressure  summits,  say  at  4.5,  12.0 
and  15.5  miles,  there  will  be  a  constant  tendency  toward  the  gradual 
accumulation  of  air,  and  to  such  an  extent  as  to  seriously  retard  the 
flow  of  the  water  column  unless  removed  from  time  to  time. 

The  air  valves  used  on  the  Pacific  Coast  nearly  all  work  auto- 
matically both  ways,  that  is  to  say,  they  will  allow  confined  air  to 
escape,  and  also  will  act  as  a  vacuum  valve  and  allow  air  to  enter 
the  pipe  line  while  being  emptied.  This  double  automatic  action 
is  best  accomplished  by  use  of  a  heavy  ball-float  immediately  below 
the  valve  seat.  By  its  flotation  the  valve  is  closed  up  against  its 
seat,  and  by  its  weight  the  valve  is  pulled  down  and  open  when  air 
accumulates. 

Cement-lined  pipe  has  been  used  largely  in  California  for  the  past 
30  vears.  Experience  seems  to  show  that  so  far  as  durability  is  con- 
cerned, the  larger  sizes,  14  to  16  ins.  in  diameter,  used  as  street 
mains,  which  suffer  little  or  no  shocks  from  wrater  hammer,  have  lasted 
very  well.  On  the  other  hand,  in  the  smaller  sizes,  near  hydrants 
under  high  pressure  or  near  elevator  valves,  wThere  they  are  subjected 
to  sharp  periodic  water-hammer  shocks,  it  is  found  that  the  inside  lining 
crumbles  all  to  pieces  in  a  short  time.  Watering  carts  and  steam  fire 
engines  have  been  often  choked  up  and  disabled  by  the  debris  dis- 
charged from  the  hydrants  during  a  heavy  draft  on  the  street  main. 
Hence  this  class  of  pipe  is  being  taken  up  and  replaced  with  cast-iron 
for  distribution  systems. 
Mr.  Hill.  W.  K.  Hell,  M.  Am.  Soc.  C.  E. — Replying  to  Mr.  Croes,  the  author 
would  state  that  as  the  Legislature  had  limited  the  size  of  the  conduit 
to  30  ins.  in  diameter,  it  was  important  that  it  should  be  of  such  mate- 
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rial  and  so  constructed  that  it  would  carry  the  greatest  possible  quantity  Mr.  hui. 
of  water.  With  a  steel  pipethe  flow  of  water  would  be  retarded  by  the 
seams  and  rivet  heads.  Kmil  Knichling,  M.  Am.  Soe.  C.  E.,  Chief 
Engineer  of  the  Rochester  Water-Works,  made  a  v» >ry  thorough  exam- 
ination of  the  loss  of  velocity  due  to  seams  and  rivet  heads  in  a  24-in. 
wrought-iron  conduit  and  found  the  loss  to  be  fully  10%  as  compared 
with  a  cast-iron  conduit  of  the  same  diameter. 

In  answer  to  Mr.  Gould,  the  author  would  say  that  the  grillage 
under  the  dam  at  Skaneateles  Lake  rests  on  a  very  compact  bed  of 
stiff  clay.  Around  the  timbers  the  material  was  thorough -puddled 
and  many  timbers  were  bedded  in  concrete  with  the  space  between 
them  filled  with  the  same  material.  On  the  up-stream  side  of  the 
grillage  at  the  bulkhead  a  row  of  sheet  piling  was  driven.  Along  the 
top  of  this  the  material  was  excavated  to  a  depth  of  2  ft.  This  space 
was  rilled  with  concrete  to  a  height  of  1  ft.  above  the  tops  of  the  piles, 
completely  covering  them.  On  the  down-stream  side  of  the  grillage  a 
frame  of  timber  faced  with  plank  was  set  in  a  trench  4  ft.  deep,  rilled 
with  puddle.  The  bed  of  the  stream  below  the  grillage  was  paved 
with  stone.  Through  the  center  of  the  dam  a  row  of  5-in.  sheet  piling- 
was  driven  to  a  depth  of  12  ft.  Between  this  row  and  the  down-stream 
edge  of  the  grillage,  another  row  of  piles  was  driven  to  a  depth  of  8  ft. 
The  author  has  no  fear  of  any  stream  of  considerable  size  finding  its 
way  under  the  dam  through  the  piling;  in  fact  the  gates  of  the  dam 
were  closed  during  the  entire  winter  of  1894  and  1895,  and  there  was 
scarcely  any  leakage.  A  grillage  in  this  case  was  adopted  for  its  desir- 
able use  as  a  flooring  at  the  bulkhead,  for  a  foundation  of  the  cast-iron 
sluices,  and  for  its  use  as  an  apron  below  the  gates  and  spillway.  It 
will  be  noticed  that  the  spillway  extends  nearly  the  length  of  the  dam. 

Referring  to  Mr.  Gould's  remarks  relating  to  the  reservoir  embank- 
ment, the  author  thought  that  if  hydraulic  engineers  find  a  suitable 
location  for  an  earthen  dam  with  a  firm  foundation  of  hardpan  or  other 
impervious  material  and  with  good  material  of  clay  and  gravel  to  make 
the  embankment,  they  should  not  needlessly  expend  the  money  of  a 
municipality  or  corporation  in  constructing  a  masonry  core  wall. 
Earthen  dams,  like  all  others,  should  be  built  with  the  greatest  possi- 
ble care.  The  embankment  of  Woodland  Reservoir  was  built  and 
allowed  to  settle  one  year  before  it  was  faced  with  concrete  and 
paving. 

Replying  to  Mr.  Christian,  the  author  is  not  fully  satisfied  that  the 
general  method  of  testing  cement  throughout  the  country  is  a  mortar 
in  which  the  sand  and  cement  used  are  proportioned  by  volume,  not 
by  weight.  The  United  States  engineers  in  their  specifications  for  the 
important  work  of  constructing  the  Sault  Ste.  Marie  lock  required 
that  the  proportions  should  be  obtained  by  weight,  and  many  others 
do  the  same. 
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Mr.  HOI.  Replying  to  Mr.  Van  Ornnm  astoho^  the  length  of  the  slope  wu 
measured  in  taking  topographical  notes,  the  author  would  state  that 
where  greal  aoouraoy  La  required,  it  would  be  well  to  measure  the 
horizontal  length  of  the  Blope,  I >ut  for  ordinary  work  the  distance 
could  be  estimated. 
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reports  to  the  Boston  Water  Board  the  monthly  temperatures  at  the 
surface,  mid-depth  and  bottom  of  Lake  Cochituate,  the  storage  basins 
and  distributing  reservoir  connected  with  the  Boston  Water  Supply, 
together  with  the  temperatures  in  the  city  mains.  These  tables  are 
based  on  weekly  observations  made  at  the  time  of  collecting  samples 
for  analysis,  and  as  the  temperature  is  not  the  principal  object,  and 
dependence  is  necessarily  placed  upon  unskilled  observers,  the  results 
cannot  always  be  depended  upon  to  the  tenth  of  a  degree,  although 
they  are  so  expressed.  The  observation  of  the  correct  temperature  of 
water  is  a  more  difficult  matter  than  is  generally  realized.  Especially 
is  this  true  at  the  bottom  of  a  deep  lake  where  it  takes  more  than  an 
hour  to  get  the  reading  with  mercurial  thermometers  to  within  a  tenth 
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of  a  degree.     With  the  thermophone  a  more  accurate  result   is  now 
obtained  in  a  frw  minutes. 

M.  de  8au.88ure,  who  was  the  (irsl  to  take  the  temperature  of  deep 
Lak(  >s,  used  a  thermometer  protected  againsl  pressure  and  Burronnded 
with  non-conducting  substanoes  cloth  and  wax,  which  allowed  the  in- 
strument to  be  hauled  up  1  000  ft  without  changing  the  reading  0.1 
('■•nt.  The  deep  sea  thermometers  of  Negretti  and  Zambra  and  of 
Cassela  have  eery  much  facilitated  the  taking  of  bottom  temperature  ~. 
but  the  thermophone  as  developed*  and  first  used  on  the  Boston  Water- 
Works  lias  revolutionized  the  methods  of  observing  temperatures  in 
the  author's  practice.  This  instrument  allows  the  temperatures  to  b<- 
read  at  the  surface  by  aid  of  the  telephone.  It  depends  upon  the 
principle  of  the  Wheatstone  bridge.  An  electric  circuit  is  formed 
through  two  small  wires  of  different  metals,  which  are  enclosed  in 
a  metallic  case  sunk  to  any  desired  depth.  The  other  two  arms  of  the 
bridge  are  formed  at  the  surface,  the  telephone  taking  the  place  of  the 
galvanometer.  This  instrument  is  so  accurate  that  its  results  can  be 
depended  upon  to  much  less  than  0.1°  Fahr.,  and  a  series  of  tempera- 
tures throughout  the  vertical  can  be  taken  with  an  allowance  of  about 
a  minute  for  each  point  observed. 

As  the  old  tables,  already  referred  to,  contain  so  many  inaccuracies, 
it  has  not  been  thought  worth  while  to  print  them  in  full  in  this  paper, 
but  the  averages  are  given  in  Table  No.  1.  The  surface  temperatures 
are  generally  not  far  from  right.  The  deeper  the  level,  the  greater  the 
inaccuracy  as  a  rule.  For  the  bottom  temperatures  in  Lake  Cochituate 
the  observer  at  times  kept  his  bottle  and  thermometer  at  the  bottom 
and  pulled  them  up  only  for  record.  By  studying  this  five-year  series 
in  connection  with  the  thermophone  tables  herewith  printed,  the 
author  has  been  able  to  form  an  accurate  idea  of  the  seasonal  changes 
going  on  in  large  bodies  of  water. 

Surface  Temperatures. — By  combining  the  surface  temperatures  taken 
at  any  particular  spot  for  rive  years,  a  mean  has  been  obtained.  These 
means  are  so  similar  that  they  have  all  been  combined  in  one  diagram, 
which  is  believed  to  represent  approximately  the  surface  temperature 
of  bodies  of  water  of  depths  varying  from  20  ft.  to  80  ft.  and  under  the 
same  climatic  conditions  as  those  which  prevail  in  the  vicinity  of  Bos- 
ton; but  it  must  be  borne  in  mind  that  five  years  is  rather  a  short  period 

*  Ty  Messrs.  H.  E.  W'arren  and  G.  C.  Whipple. 
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From  which  to  form  a  mean,  and  that  BOme  of   tin-    Irregularities   ini'.'lit 

be  smoothed  oui  and  somewhat  different   values  obtained  bj  a  l«.' 
term  of  observations.     This  diagram  is  nut  given  her<    for  the  reason 
that  it  is  quite  Bimilar  t<>  that  given  for  Lake  Ooehitnate  In  Fig.  1. 

During  the  winter  the  water  ander  the  ice  i-~  sufficiently  near  the 
freezing  poinl  to  ti\  it  at  :V2    Pahr.  from  the  latter  pari  of  December i  i 
the  breaking  up  of  the  ice  in  the  spring.     The  surface  then  begins  I  i 
warm  up  at  a  uniform  rate  from  Hi    in  the  latter  part  of  March  or  first 
of  April,  to  ~-i    in  the  middle  of  June,  making  the  mean  temperature 
for  April  about    i:>  .  ami  for  May  about  58".     In  the  middle  of  June 
there   is  a  noticeable  depression  in  the  curve,  which  rises  to  but   7:; 
on  the  first  of  July;  in  the  Cochituate   curve  it  actually  falls  to  71c. 
The  temperature  then  rises  sharply  to   75"  by  the  middle  of  July  on 
both  curves.     The  mean  temperature  for  June  is  approximately  71°. 
In  the  middle  of  July  there  is  another  depression  in  both  curves,  and 
the  temperature  is  nearly  uniform  (75")  during  the  remainder  of  the 
month,  leaving  the  average  temperature  for  July  at  about  74".     The 
curve  rises  slightly  in  the  first  week  in  August  to  76.5C  .  which  is  the 
summit  of  the  curve,  and  from  this  time  the  temperature  falls  rapidly 
to  about  69"  on  September  1st.     The  mean  temj)erature  of  August  is, 
therefore,  about  the  same  as  that  for  July.     After  the  first  of  September 
there  is  a  very  interesting  flattening  of  the  curve  until  the  middle  of 
the  month,  when   it  is   still  at   69°.     Then  there  is  a  drop  to  65"  on 
October  1st.     The  mean  temperature  for  Sej)tember  is  about  67.5". 
Throughout  October  the  curve  is  almost  a  straight  line,  reaching  50"  by 
the  mean  curve  and  51.5°  by  the  Cochituate  curve  on  November  1st. 
The  mean  for  October  is  about  57°.     The  cooling  goes  on  rather  more 
slowly  in  November,  reaching  4CP  on  December  1st  in  the  mean  curve, 
and  44"  on  the  Cochituate  curve.     The  mean  temperature  for  Novem- 
ber may  therefore  be  set  down  as  somewhere  in  the  neighborhood  of 
46°.     By  the  middle  of  December  the  temperature  reaches  37°,  and 
after  this  time  it  drops  quickly  to  the  freezing  point  if  in  a  shallow 
pond,  and  more  slowly  if  in  a  deep  one. 

This  heating  of  the  surface  of  a  body  of  fresh  water  during  the 
larger  part  of  the  year  gives  rise  to  some  interesting  phenomena  in  con- 
nection with  the  subject  of  water  temperatures  and  also  with  questions 
affecting  a  domestic  water  supply,  as  will  be  shown. 

Bottom  Temperatures. — If  a  pond  is  less  than  about  25  ft.  in  depth, 
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the  bottom  temperature  .1<>«^  n< >t  \ar\  rery  much  from  that  at  the  bot- 

face,    although    in    the   winter    it    may  be  .")  or  t',      warmer,    and    in    the 

middle  •  •»'  Bummer  as  many  degrees  cooler.  These  shallow  p<>mls  or 
Lakes  »!•>  not  provide  the  Interesting  phenomena  which  are  to  be 
disonssed,  and  bni  little  more  attention  will  be  given  to  them.  The 
wiiuN  in  Bummer  keep  the  water  stirred  ap  thronghont,  and  there  is 
little  stagnation  of  the  bottom  layers,  except,  perhaps,  for  a  -^liort  time 
in  the  w  inter. 

With  deeper  lakes,  however,  a  very  different  state  of  things  prevails. 
Starting  with  the  freezing  over  of  a  deep  lake  about  January  1st,  the 
bottom  temperatures,  as  they  exist  on  the  Boston  Water- Works,  will  be 
now  traced.  The  point  of  maximum  density  of  fresh  water  is  39. 2C.  When 
Lake  Cochitnate  freezes,  the  temperature  of  the  bottom  is  generally 
near  this  point  in  the  deep  portions,  although  in  a  lake  of  the  same 
depth,  say  70  ft.,  the  temperature  may  be  much  below  this  if  the 
weather  is  severe  and  the  winds  high  before  the  ice  forms.  The  several 
strata  lie  in  their  order  of  density,  decreasing  gradually  until  within 
a  few  feet  of  the  surface,  when  they  suddenly  fall  to  the  freezing  point 
adjoining  the  ice.  The  form  of  this  curve  is  quite  persistent  in  all 
lakes,  although  there  are  many  variations  from  it  in  places  where  there 
are  currents  or  other  local  modifying  causes,  as  may  be  seen  by  an  in- 
spection of  the  tables  and  diagrams  in  this  paper.  In  a  general  way 
the  whole  body  of  water  remains  unchanged  after  the  ice  forms  until 
it  is  broken  up  in  the  spring,  but  there  are  some  interesting  details 
connected  with  certain  changes  going  on  even  under  the  ice  which  will 
be  discussed  later.  It  is  desirable  first  to  obtain  a  general  compre- 
hension of  the  subject. 

As  the  surface  warms  about  April  1st  to  the  same  temperature  as 
the  bottom,  the  whole  body  of  water  is  in  unstable  equilibrium,  and 
circulation  takes  place  from  top  to  bottom  under  the  action  of  the 
winds  and  currents.  Finally,  by  the  first  of  May,  when  the  surface 
temperature  has  risen  and  gained  about  5?  upon  the  bottom,  the  differ- 
ence in  density  seems  to  be  sufficient  to  prevent  any  further  warming 
of  the  bottom;  and  while  the  surface  keeps  on  warming,  the  bottom 
remains  at  almost  exactly  the  same  temperature  throughout  the  long 
period  of  stagnation  until  the  middle  of  November,  covering  a  period 
of  nearly  seven  months,  and  varying  during  that  time,  so  far  as  can 
now  be  determined,  only  a  few  tenths  of  a  degree.     Of  course,  this 
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ii leans  t  luit  the  winds  do  qo1  penel  rate  to  this  depth;  neither  are  tl 
oonvectional  currents  to  change  the  temperature,  and,  as  water  Is  a  poor 
oonduotor  of  beat,  the  Bun's  rays,  bowever  bot,  are  practically  power- 
Less  ;it  :i  deptb  of  65  it.  in  Lake  Ooohituate.     It  will  be  net  iced  in  Fig. 

1  that  the  bottom  temperature  begins  t<>  rise  In  the  middle  of  March 
from  about  the  point  of  maximum  density,  bui  that  it  falls  slightly 
before  rising.  This  was  thought  to  be  an  error  of  observation,  l>ut 
careful  Investigation  with  the  thermophone  during  the  present  year  bas 

shown  this  not  to  be  the  case.  Tin-  water  before  heating  at  the  bottom 
fust  cools  slightly.  From  the  middle  of  March  to  the  first  of  May  the 
temperature  rises  to  44  \  and  the  early  part  of  April  maybe  called 
the  first  period  of  circulation,  the  water  for  a  short  time  remaining  at 
the  same  temperature  from  top  to  bottom.  From  May  1st  to  Novem- 
ber 1st  the  bottom  temperature  remains  at  44°,  and  rises  between 
November  1st  and  November  15th  abqut  2°  or  3  to  meet  the  surface 
temperature,  and  then  the  whole  mass  of  water  falls  at  nearly  the  same 
rate  in  a  second  great  period  of  circulation  until  freezing  begins,  which 
sei^arates  the  surface  and  bottom,  the  latter  remaining  somewhat  nearer 
the  point  of  maximum  density. 

Turning  for  a  moment  to  the  other  reservoirs,  their  bottom  tempera- 
tures will  be  found  to  follow  those  of  Lake  Cochituate,  but  with  this 
difference.  As  Basins  2,  3  and  4  are  shallower,  the  winds  are  able  to 
keep  up  more  of  a  circulation,  with  the  final  result  of  less  difference  of 
temperature  between  the  top  and  bottom  layers,  so  that  in  the  case  of 
Basin  4,  in  a  depth  of  about  50  ft.  of  water,  the  permanent  summer 
temperature  of  the  bottom  is  not  reached  until  about  a  month  later  than 
in  Lake  Cochituate,   and  it  is  then  about  9°   higher,  or  53°.    Basins 

2  and  3  are  not  deep  enough  for  their  bottoms  to  remain  stagnant,  but 
their  temperatures  are  proportional  to  their  depths. 

Summer  Stagnation  Period. — For  four  years,  1891-94,  the  tempera- 
tures in  Lake  Cochituate  have  been  taken  weekly  for  every  5  ft.  in 
depth  during  the  summer  stagnation  period,  April  to  November.. 
These  results  are  found  in  Table  No.  2,  and  those  for  1892  have  been 
plotted  in  Fig.  2.  The  diagram  enables  the  effects  of  the  wind  on  the 
different  layers  to  be  studied.  It  will  be  noticed  that  throughout  the 
period  the  temperature  at  a  depth  of  10  ft.  is  about  the  same  as  at 
the  surface,  showing  that  the  winds  keep  the  water  stirred  up 
thoroughly  to  this  depth,  but  below  15  ft.  the  effect  of  the  wind  is 


FITZGERALD   ON    THE   TEMPERATURE   OP    LAKES. 


5  -  -    - :  £ 


♦5 


: 


351 


LAKE   COCHITUATE 
DETAILS  OF  CIRCULATION  PERIOD,    NOV. 

TEMPERATURE-FAHR. 


Fig.  4. 


',<>  i  I  I  /'.  i.i;  \  in   u\     III  i;   TIM  ri  i;  \  I  i   i;i.   OF    L  \  B 

Bmall.  It  must  be  remembered,  however,  thai  a  season  of  the  year  is 
now  under  consideration  when  the  difference  in  density  is  greatest 
between  the  top  and  bottom,  and  it  will  be  found  later  thai  when  this 
density  is  Less,  the  effect  oi  the  wind  reaches  very  mnch  lower.  Ah 
the  layers  are  followed  to  the  bottom,  it  will  be  noticed  thai  they 
warm  up  less  and  less,  until  dear  the  bottom  the  temporal u re  Lines  are 

parallel. 

Effects  of  Stagnation. — Some  of  the  effects  of  stagnation  are  very  re- 
markable. They  hare  been  fully  set  forth  by  the  author  in  the  Boston 
Water  Hoard  reports,  and  it  will  be  unnecessary  to  repeat  them  here. 
It  may  be  said,  however,  that  in  a  lake  with  any  considerable  amount  of 
organic  matter  in  it  and  also  in  dee])  artificial  storage  reservoirs,  where 
the  surface  has  not  been  stripped,  the  lower  layers,  which  are  quiescent 
during  the  great  stagnation  period,  gradually  collect  all  the  organic 
matter  from  the  upper  layers,  and  decay  goes  on  until  the  oxygen  is  us<  id 
up.  The  water  becomes  darker  and  darker,  uotil  by  October  it  is  very 
yellow,  and  generally  has  a  disagreeable  smell.  Of  course,  when  the 
great  overturning  comes,  in  November,  all  this  bad  water  is  brought  to 
the  surface,  and  the  infusoria  and  diatoms  begin  to  grow  in  enormous 
numbers,  because  the  organic  matter  and  oxygen  are  brought  together 
and  provide  food  for  organic  life.  The  same  phenomenon  takes  place 
in  the  spring  period  of  circulation,  although  on  a  smaller  scale. 

It  is  astonishing  to  a  novice  to  take  him  out  in  a  boat  when  the 
surface  temperature  is  near  80°,  and  sink  a  bottle  and  bring  up  water 
icy  cold  from  the  bottom.  In  this  connection  it  is  interesting  to  con- 
sider that  if  Lake  Cochituate  were  1  000  ft.  deep  instead  of  65  ft.,  this 
water  from  the  bottom  would  probably  be  only  4°  colder  than  it  is.  It 
is  also  possible  toward  the  end  of  the  stagnation  period,  with  a  little 
knowledge  of  a  lake,  to  draw  water  of  any  desired  quality  according  to 
the  layers  selected. 

At  the  surface  the  water  may  be,  and  generally  is,  free  from  color 
and  of  excellent  quality,  while  that  at  the  bottom  is  in  the  worst  con- 
dition. In  a  lake  free  from  organic  matter  or  in  one  which  is  so  large 
that  the  organic  matter  brought  in  by  the  feeders  is  completely  ox- 
idized, or  in  a  large  artificial  storage  reservoir  thoroughly  constructed 
from  a  sanitary  point  of  view,  the  phenomenon  which  has  been  de- 
scribed is  almost  entirely  lacking,  but  it  is  somewhat  rare  to  find  a 
lake  of  such  great  purity  that  the  water  is  as  good  at  the  bottom  in 
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the  latter  pari  of  summer  as  it  is  at  the  surface.  Experience  Id 
these  matters  will  enable  a  fair  opinion  to  be  formed  of  the  quality  of 
.1  water  without  even  a  microscopical  or  chemical  analysis,  bul  this 
does  net  mean  thai  a  great  many  analyses  are  aol  necessary  before 
one  can  judge  of  the  quality  of  any  water  with  scientific  confidence. 

A  knowledge  of  the  facts  here  narrated  sin  mid  Lead  to  Letting  oul  or 
wasting  the  bottom  water  before  November  1,  when  the  construction  of 
deep  reservoirs  will  allow.  In  the  ease  of  deep  artificial  reservoirs 
containing  organic  matter,  where  the  dam  is  at  the  lowest  part  of  the 
valley,  this  is  easily  accomplished  and  should  result  in  preventing  the 
distribution  of  the  impurities.  A  person  living  near  a  deep  lake  might 
arrange  to  draw  good  water  from  the  surface  through  a  long  coil 
placed  at  the  bottom  and  in  this  way  secure  good  and  very  cold  water 
all  summer. 

Circulation  Periods. — The  spring  and  autumn  circulation  periods 
already  referred  to,  when  the  water  is  at  the  same  temperature  from 
top  to  bottom  in  the  lakes  under  discussion,  contain  some  interesting 
changes.  In  Table  No.  3  and  Fig.  3  will  be  found  some  accurate  ob- 
servations taken  in  Lake  Cochituate  under  the  ice  from  December  21st, 
1894,  to  the  breaking  up  of  the  ice  on  April  10th,  1895,  and  for  several 
days  after  this  last-named  date. 

It  will  be  seen  that  on  December  21st  after  the  iee  had  formed,  the 
temperature  at  the  surface  under  the  ice  was  at  32°  and  rose  rapidly 
in  the  first  5  ft.  to  37. 83  and  then  very  regularly  to  39.2°  at  the  bottom. 
On  February  26th  the  temperature  of  the  bottom  had  risen  to  40.7° 
with  some  cooling  effects  in  the  upper  layers,  due  probably  to  the 
emptying  of  a  large  mass  of  cold  water  into  the  lake  from  another 
source  of  supply,  the  Sudbury  River.  The  heating  of  the  lower  layers 
may  have  been  due  to  springs,  the  heat  of  the  earth,  to  chemical  action 
or  to  some  cause  which  the  author  does  not  now  comprehend.  From 
February  26th  to  March  29th,  there  was  very  little  change  in  the  lower 
40  ft.  of  water.  On  April  10th,  when  the  ice  was  broken  up  into  float- 
ing cakes  and  there  was  a  very  high  wind,  the  surface  was  found  at 
33".  At  a  depth  of  2  ft,,  it  was  at  38.4°  ;  at  6  ft.,  38.7-  ;  and  by  trac- 
ing the  curve  below  this  point  it  will  be  seen  that  the  lower  40  ft.  of 
water  had  cooled  about  half  a  degree,  although  the  bottom  still  re- 
mained at  the  same  temperature  as  in  February  and  March.  On  April 
13th,  the  bottom  had  cooled  to  38.6-,  while  the  surface  had  warmed  to 
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89.8  .  and  a1  a  i<\\  feel  belov<  fche  Burfaoe  and  for  a  Long  distance  to- 
ward the  bottom,  fche  water  was  \<v\  nearly  ;it  fche  point  <>i'  maximum 
density.  In  other  words,  while  the  Burfaoe  was  warming  up,  fche  boi 
torn  was  getting  perceptibly  colder,  and  it  maj  be  thus  considered  as 
proved  thai  when  t  he  mass  of  the  water  is  in  this  condition  of  unstable 
equilibrium,  fche  wind  and  currents  change  fche  temperature  rapidly 
from  fche  surface  to  fche  bottom.  These  changes  cannot  be  due  fco  con- 
duction, for  it  was  shown  that  for  half  fche  year,  while  there  may  be 
30  difference  at  times  between  fche  surface  and  fche  bottom,  there  is  no 
appreciable  heating  of  the  bottom  layers  by  conduction.  From  the 
observations  taken  after  April  13th,  it  will  he  noticed  that  the  heating 
of  the  whole  mass  of  the  water  goes  on  until  about  the  first  of  May, 
shown  in  Tig.  2,  when  there  is  a  separation  of  the  surface  and  bottom 
temperatures,  as  already  described. 

An  examination  of  the  tables  shows  that  in  the  cooling  of  the  lake  in 
the  autumn  the  reverse  process  takes  place,  and  there  is  a  warming  of 
the  bottom  layers  before  they  begin  to  cool.  This  is  shown  graphically 
on  Fig.  4. 

Lake  Winnepesaukee.— TdXAe  No.  5  and  Fig.  5  contain  some  observa- 
tions taken  under  the  direction  of  the  author  in  Lake  Winnepesaukee. 
This  lake  "is  situated  to  the  north  of  Boston  and  contains  70  sq.  miles 
of  water  surface.  It  is  150  ft.  deep  in  the  deepest  portion,  so  far  as 
ascertained.  As  the  water  of  Lake  Cochituate  at  65  ft.  depth  w^as 
found  at  about  44-  in  summer,  and  the  other  reservoirs  were  found  pro- 
portionately warmer  as  they  decrease  in  depth,  it  was  expected  that 
Lake  Winnepesaukee  would  be  found  colder  at  150  ft.  than  Lake  Co- 
chituate at  65  ft.,  but  to  the  surprise  of  the  author,  it  was  found  to  be 
about  10°  warmer  (see  Table  No.  5).  As  the  ice  breaks  up  later  in  the 
season  and  the  period  of  circulation  takes  place  in  warmer  weather 
and  is  perhaps  more  prolonged  on  account  of  the  mass  of  water  to  be 
affected,  it  is  probable  that  by  the  time  stagnation  of  the  lower  layers 
begins,  the  bottom  has  reached  54  . 

The  winter  temperatures  taken  under  the  ice  are  very  interesting, 
showing  that  the  mass  of  water  cools  down  to  a  lower  point  than  does 
Lake  Cochituate.  This  the  author  believes  is  accomplished  by  the 
winds  and  currents  before  the  surface  freezes  over.  The  bottom  tem- 
peratures, 36.65-  at  100  ft.  and  36.25°  at  141  ft.,  are  much  below  maxi- 
mum density.     At   points  where   there   are   swift  currents  and  local 


FITZGERALD   »>\    THE   TEMPERATURE   OF    LAKES. 


8J 


»2 


33 


34 


TEMPERATURE  FAHR. 
35  36'  37 


38 


39 


"*s.~ 


\ 


**, 


2VM 

K 


!'. 


B   lA 


\c\ 


\! 


1 


WINTER  TEMPERATURES 

IN 
DAN    HOLE    POND 


SQUAM    LAKE 
A..500  FT.  EAST  OF  STURTEVANT  ISLAND 

MAR.  8,  1895.  

B..500  FT.  NORTH  OF  ABOVE  POINT 

C,_   "      "     OFF  N.  W_SHORE  

JAMAICA    POND 
A.)  BOTH  SETS  OF  OBSERVATIONS  WERE 
B./ TAKEN  NEAR  THE  MIDDLE  OF  THE 
POND  ABOUT  500  FT.  APART. 


\ 


\ 


4; 


SURFACE 


15 


23 


25 


30 


-35 


-40 


-45 


u. 


-:-: 


L«  u 


\65 


-70 


-75 


f: 


-85 


:: 


-:: 


100 


105 


Fig. 


FITZGERALD  OS    THE  TEMPERATURE   0]     LAK1 

ona  for  a  differenl  result,  the  ourves change  \ ery  materially  in  form, 
but  these  an-  fully  shown  in  the  tables  and  diagrams  and  require  no 
farther  explanation.  The  inclination  oi  the  isotherms  in  fche  cross- 
Beotion  of  the  lake  is  shown  in  Pig.  (>. 

Bqtiani  Lake,  just  north  of  Lake  Winnepesaukee,  \v;is  found  to  be 
at  the  point  of  maximum  density  at  the  bottom  in  59  ft.  of  water,  and 
at  another  point,  17  ft.  deep,  the  temperature  at  fche  bottom  was  87.95 
degrees. 

Dan  Hole  Pond,  in  the  same  vicinity,  and  one  of  the  so-called 
"  ponds  without  a  bottom,"  was  found  to  be  109  ft.  deep  and  to  have  a 
temperature  of  37.85    at  the  bottom. 

All  of  the  above  temperatures,  taken  under  the  ice,  follow  in  their 
curves  the  same  form  as  in  all  frozen  lakes  (see  Table  No.  6  and  Fig.  7). 

Luke  Superior. — The  only  observations  of  this  lake  that  the  author 
has  been  able  to  secure  were  taken  in  1871  by  the  United  States  Lake 
Survey,  and  are  given  in  Table  No.  7.  The  surface  and  bottom  tem- 
peratures in  August  only  are  given,  and  show  the  bottom  to  be  at 
about  38.8°  in  158  fathoms.  The  surface  temperature  was  from  50  to 
53-.  The  water  in  this  lake  is  noted  for  being  very  cold.  As  the 
surface  never  freezes  over  it  would  not  be  difficult  to  construct  a  dia- 
gram of  the  probable  ranges  in  temperature  throughout  the  year,  very 
much  as  the  anatomist  constructs  a  complete  skeleton  from  one  or  two 
bones. 

Lake  Tahoe. — Latitude  39°  north,  and  longitude  120-  west.  Pro- 
fessor Le  Conte,  in  August,  1873,  found  the  temperature  in  this  lake, 
at  a  depth  of  1  506  ft.,  to  be  39.2?  Fahr. ;  at  772  ft.,  41.0-,  and  67.0? 
at  the  surface. 

F.  P.  Stearns,  M.  Am.  Soc.  C.  E.,  has  published  in  the  Report  of 
the  Massachusetts  State  Board  of  Health,  1890,  entitled,  "Examination 
of  Water  Supplies,"  an  excellent  article  on  the  temperature  of  water. 
Mr.  Stearns'  observations  on  the  Upper  Mystic  Lake,  Medford  ; 
Jamaica  Pond,  Boston  ;  and  Wenham  Lake,  Wenham,  have  been  in- 
corporated in  Table  No.  8. 

Professor  William  R.  Nichols  read  a  paper  in  1880,  before  the  Bos- 
ton Society  of  Natural  History,  "  On  the  Temperature  of  Fresh  Water 
Lakes  and  Ponds."  which  contains  a  valuable  bibliography  on  the  sub- 
ject, and  is  characterized  by  the  deep  scientific  knowledge  possessed  by 
him.   Professor  Nichols,  however,  leaned  toward  the  conduction  theory. 
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Foreign  Laket      Extended  series  of  observations  <»n  the  tempera- 
tnres  of  lakes  are  very  v.u-i-:  in  fact,  the  number  of  observers  who  have 

done  ^alnable  work  in  this  direction  inav  l»r  counted  on  the  tinkers   ot* 

one  hand.     The  work  of  M.  H.  B.  de  Banssnre,  already  referred  to,  is 

contained  in  Table  No. !).  It  will  be  seen  that  there  are  no  intermediate 
temperatures  given  between  tin'  surface  and  bottom.  The  results  are 
verv  close  to  those  obtained  by  subsequent  observers  who  had  the  ad- 
vantage of  better  instruments,  but  the  observations  are  now  interest- 
ing principally  from  the  historical  point  of  view. 

One  of  the  most  valuable  series  was  taken  by  MM.  C.  de  Fischer- 
Ooster  and  C.  Brunner  in  Lake  Thun  in  1848-49  (see  Table  No.  10 
and  Fig.  8).  It  was  probably  the  first  to  give  an  idea  of  the  seasonal 
changes  going  on  in  a  large  body  of  water,  and,  although  taken 
like  M.  de  Saussure's,  without  the  advantage  of  deep-sea  thermom- 
eters, it  bears  every  stamp  of  accuracy.  A  number  of  protected 
thermometers  were  fastened  to  a  line  and  allowed  to  remain  all  night, 
when  they  were  drawn  up  rapidly  and  read.  The  series  consists 
of  nine  soundings  taken  in  different  months  of  the  year  and  extending 
to  a  depth  of  550  Swiss  feet.  They  show  a  variation  at  the  bottom 
during  this  time  of  only  about  0.2°  Fahr.,  the  mean  being  40.7°, 
slightly  above  the  point  of  maximum  density. 

The  authors  refrained  from  speculation  in  their  admirable  paper,* 
but  they  pointed  out  clearly  by  means  of  diagrams  the  diminution  of 
temperature  throughout  the  mass  in  the  winter  and  the  heating  of  the 
lower  strata  long  after  the  surface  had  begun  to  cool  off.  It  is  shown 
that  the  maximum  temperature  at  depths  of  10  to  80  ft.  occurs  in  Sep- 
tember; at  80  to  120  ft.  in  October,  and  at  120  to  350  ft.  in  November, 
while  below  this  point  the  changes  are  very  slight. 

The  following  extract  is  from  the  paper: 

"In  glancing  over  this  table  it  is  surprising  to  note  the  slowness 
with  which  the  action  of  the  summer  sun  penetrates  into  the  interior 
of  the  water.  Although  the  object  of  this  memoir  is  to  give  only  such 
facts  as  were  observed,  I  cannot  but  draw  attention  to  these  results, 
which  afford  information  concerning  the  conduction  of  heat  by  water. 
In  closing,  I  must  note  that  the  level  of  uniform  temperatures  com- 
mences very  nekrly  at  a  depth  of  150  m.,  and  that  this  temperature 
varies  between  4.8°  and  4.9°  Cent." 

*  Published  in  the  Mtmoires  of  the  Societe  de  Physique  et  d'Histoire  Naturel,  Geneva;  Vol.  XII. 
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The  above  faots  are  apparently  a  strong  argument  in  favor  of  the 
theory  of  conduction,  i>u<  if  the  heating  of  the  Lower  Layers  in  Lake 
Ooohituate  occurs  from  the  mingling  which  goes  <>n  between  the 
Layers  as  they  approaoh  each  other  in  temperature,  as  the  author  has 
endeavored  to  show,  there  is  every  reason  for  supposing  that  the  same 
action  goes  on  in  Lake  Thun,  and  thai  conduction  lias  nothing  to  do 
with  the  question. 

Luke  of  Genevd.  —  M.  F.  A.  Forel  has  been  one  of  the  most  voluminous 
writers  on  the  temperature  of  lakes.  His  observations  embodied  in 
Table  No.  11  and  Fig.  9  have  been  confined  principally  to  the  Lake  of 
( ieneva,  which  has  a  depth  of  about  1  000  ft.  While  not  as  complete 
as  the  Fischer-Ooster  observations,  they  are  extremely  interesting,  con- 
tinuing in  many  respects  the  work  of  the  former  and  showing  the 
similarity  of  the  results  in  the  two  lakes. 

He  has  shown,*  from  some  soundings  taken  in  1885,  that  the  iso- 
therms of  the  Lake  of  Geneva  are  not  horizontal,  but  inclined,  being 
considerably  warmer  at  a  depth  of  60  m.  at  the  Chillon  end  of  the 
"  Grand-Lac  "  than  at  the  same  depth  at  the  entrance  to  the  "  Petit- 
Lac."  He  ascribes  this  action  to  the  sediment  brought  into  the  lake 
by  the  Rhone,  which  he  says  gives  a  greater  density  to  the  water  than 
that  due  to  its  temperature  alone,  and  so  it  sinks  deeper  and  warms 
the  deep  layers  of  the  lake  at  one  end. 

In  another  article  f  Forel  has  given  the  following  results  of  several 
years  of  observations: 

Centigrade.  Fahrenheit. 

1879 5.2°  41.40 

1880 4.60  40.3O 

1881 4.8^  40.6O 

1883 5.0o  41.0O 

1884 5.4o  41.70 

1885 5.6o  42.10 

1886 5.3o  41.50 

He  admits  that  the  cooling  of  a  lake  in  the  winter  is  easily  ex- 
plained on  the  theory  of  thermic  conduction,  but  that  the  heating 
process,  which  goes  down  to  the  most  profound  depths,  is  not  so  easily 

*  See  Comptes  Rendus,  Vol.  CII,  1886,  p.  712. 
t  See  Comptes  Rendus,  Vol.  CIII,  p.  47. 
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accounted  for  by  the  same  theory.  He  oite  b  notable  Instance  in  hii 
experience  when,  after  a  veiy  Beyere  period  of  high  winds  and  j_r;ilc^  in 
April,  he  found  the  temperature  had  penetrated  fee  extraordinary 
depths,  while  the  surface  h;el  grown  cooler.  He  concludes  thai  the 
heating  is  due  to  a  mechanical  mixture  under  the  action  of  the 
w  inds. 

Table  No.  12  contains  sonic  interesting  observations  cited  by  M. 
Forel.*  Three  of  the  observations  were  taken  in  the  winter,  under  the 
ice  ami  then-  close  agreement  with  the  results  of  the  author,  obtained 
on  the  Boston  Water-Works  and  in  Lake  Winnepesaukee,  can  he  seen  at 
a  glance.  M.  Forel  shows  that  in  the  Lake  of  Geneva  the  temperature 
at  the  bottom  during  the  severe  winter  of  1879-80 did  not  fall  below  5° 
Cent.,  and  that  it  is  doubtful  whether  the  water  in  the  open  lake  has 
ever  reached  4°  Cent.  (39.2°  Fahr.). 

Conclusions. — It  remains  now,  in  view  of  all  the  foregoing  facts, 
brought  together  from  different  parts  of  the  world,  to  discuss  some 
of  the  points  connected  with  the  temperature  of  lakes  not  already 
made  clear;  of  course,  the  discussion  can  apply  only  to  lakes  situated 
in  a  climate  somewhat  like  that  of  Boston.  In  deep  lakes  covered 
with  ice  in  the  winter,  there  are  two  lines  or  curves  of  profile  which 
confine  the  variations  of  temperature  within  -certain  limits — the  winter 
curve  and  the  summer  curve;  and  these  curves  nearly  meet  at  the 
bottom,  if  it  is  a  very  deep  lake,  and  are  separated  by  a  considerable 
interval  as  the  lakes  become  more  shallow.  A  common  shape  for  the 
winter  curve  is  to  start  with  32°  at  the  surface,  and  increase  rapidly  to 
36-  at  a  depth  of  5  ft.,  and  then  very  gradually  towards  39.2°  at  the 
bottom.  The  summer  curve  may  begin  at  the  surface  with  75 -,  and 
then,  by  a  reverse  curve,  a  type  easily  recognized  from  the  diagrams, 
reduce  to  45-50°  at  the  bottom  (see  Fig.  10).  The  variations  from  this 
lu-ofile  are  pronounced,  but  easily  explained  by  situation,  extent  of 
surface  and  depth.  A  very  remarkable  variation  from  the  winter  curve 
is  seen  in  the  several  sets  of  observations  taken  in  Lake  Cochituate 
and  other  lakes,  under  the  ice,  which  give  bottom  temperatures  higher 
than  40°  (see  Fig.  11).  As  the  temperature  under  the  ice  is  necessarily 
near  32°,  it  is  evident  that  the  point  of  maximum  density  in  these  cases 
is  some  distance  above  the  bottom.  Crystal  Lake,  shown  in  Fig.  11 
and   embodied   in   Table   No.   6,  is   a   small   body  of  clear  water  fed 

*  See  Camptes  Rendus,  Vol.  XC,  1880,  p.  322. 
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FEB.  26,  1895. 

C.  LAKE  COCHITUATE.  SOUTHERN  DIV. 
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D.  BASIN,  No.  3:  FEB.  23,  1895. 

E.  BASIN  No.  4.  JAN.  28,  1895. 

F.  BASIN  No.  6.  FEB.  15.  1895 

G.  CRYSTAL  LAKE..  MARCH,  14,  1895. 
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entirely  by  Bprings.  In  this  case  it  is  possible  thai  the  ground-water 
entering  the  pond  gradually  raised  the  temperature  beyond  the  point 
of  maximum  density,  and  thai  this  heating  effect  continued  upward 
Dearly  *<»  the  Lee  Line.  This  is  the  most  exaggerated  case  thai  the 
author  has  found.     The  corroborative  evidence  of  all  these  curves  Ls 

beyond  question.  A  study  of  the  tables  shows  that  this  condition  of 
unstable  equilibrium  may  continue  tor  a  long  time,  but  it  is  certainly 
very  curious,  and,  as  tar  as  the  author  knows,  lias  never  been  noticed 
before. 

In  a  lake  of  the  first  order,  like  that  of  Geneva,  the  winds  produce 
a  mechanical  mixture  of  the  layers  to  a  considerable  depth  below  the 
surface,  even  in  the  summer,  say  to  150  ft.  in  depth,  as  is  evident  from 
the  tables.  The  return  currents,  being  much  warmer  and  lighter  than 
the  lower  layers,  must  pass  over  them.  The  smaller  the  lake,  the  less 
these  mechanical  effects  are  felt.  In  Lake  Cochituate,  for  instance, 
they  are  hardly  found  20  ft.  below  the  surface  ;  but  that  this  extensive 
heating  to  considerable  depths  in  large  lakes  is  not  due  to  conduction 
seems  to  be  proved  by  the  fact  that  at  65  ft.  depth  conduction  has  no 
effect  in  seven  months'  time  in  altering  the  bottom  temperatures  of 
Lake  Cochituate.  When  the  water  is  of  nearly  the  same  temperature 
throughout,  the  return  currents  may  pass  to  the  bottom  and  circula- 
tion may  occur  to  great  depths.  This  uniformity  of  temperature  in 
ordinary  lakes  takes  place  at  two  points  in  the  yearly  profile,  and  at 
these  times  the  wind  effects  are  felt  to  great  dearths.  In  a  very 
large  lake  which  does  not  freeze,  this  period  occurs  during  the  winter 
only,  but  these  changes  are  probably  prolonged,  and,  at  any  rate,  are 
sufficient  to  prevent  periods  of  stagnation  extending  from  one  year  to 
another. 
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72.1 

72  0 

71.4 

04.2 

57.7 

50.9 

48.9 

47.8 

46.7 

45.3 

44.6 

43.8 

70.8 

76.1 

74.0 

62.4 

56.5 

52.4 

51.3 

48.8 

47.4 

46  3 

44.8 

43.4 

74.5 

74.4 

73.0 

04.4 

50.2 

51.1 

49.3 

48.2 

46.9 

45.8 

44.3 

43.8 

77.0 

77.0 

75.2 

67.8 

58.2 

53.7 

51.3 

48.6 

47.0 

45.7 

44.2 

43.1 

72.7 

71.3 

68.2 

67.9 

59.4 

51.4 

50.6 

48. 'J 

47.6 

47.4 

46.8 

45.4 

69.5 

69.0 

68.5 

07.5 

59.0 

51.5 

50.0 

48.5 

47.4 

45.7 

44.6 

44.2 

70.9 

70.5 

70.0 

68.0 

61.5 

52.0 

50.5 

48.9 

47.6 

46.2 

45.5 

44.0 

71.8 

71.6 

71.0 

05.5 

55.8 

50.9 

49.5 

47.0 

45.9 

44.7 

44.1 

43.5 

67  0 

00.9 

66.8 

66.1 

58.4 

50.5 

48.3 

47.5 

46.8 

45.7 

45.1 

44.6 

57.5 

57.5 

57.5 

57.5 

54.1 

50.8 

48.0 

40.2 

45.4 

44.2 

43.6 

43.4 

55.6 

55.6 

55.6 

55.4 

55.4 

54.6 

49.4 

40.4 

45.6 

44.7 

43.9 

43.4 

49.0 

49.6 

49.6 

49.6 

49.6 

49.4 

49.4 

48.3 

45.7 

44.9 

44.1 

43.4 

46.5 

40.5 

46.5 

46.5 

46.5 

46.5 

46.5 

46.5 

46.3 

45.1 

44.0 

43.0 

45.0 

45.0 

45,0 

45.0 

45.0 

45.0 

45.0 

45.0 

45.0 

45.0 

45.0 

45.0 

64.4 

63.9 

02.6 

58.8 

54.1 

50.6 

48.5 

47.1 

46.2 

45.3 

44.6 

44.0 

43.8 

44.0 
i:;  1 
43.7 
43.4 
ll.o 
44.3 
44.4 
18.9 
44.5 
44.8 
43.8 
*43.1 
43.2 
43.3 
43.2 
43.4 
43.1 
43.1 
45.4 
44.2 
44.0 
43.5 
44.6 
43.4 
43.4 
43.4 
43.6 
45.0 

43.8 


*  Represents  observation  taken  with  particular  care. 
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TABLE  No.  2— (Continued). 
Temperatures  (Fahe.).    Lake  Cochituate     1892. 


Depth  in  Feet.... 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50        55 

Bot. 

26th 

May     3d 

45.4 

49.6 
50.9 
54.2 
56.9 
55.3 
67.2 
70.7 
76.0 
75.6 
72.5 
73.3 
76.4 
78.7 
74.0 
76.0 
77.3 
76.7 
68.5 
68.3 
67.5 
67.5 
64.6 
59.9 
56.8 
56.5 
53.0 
50.6 
48.7 
46.4 

63.8 

45.4 
49.5 
50.5 
54  1 
56.9 
55.3 
65.5 
70.5 
73.2 
75.4 
72.1 
72.8 
75.0 
76.3 
73.5 
75.8 
77.3 
76.3 
68.3 
68.2 
66.8 
67.2 
64.5 
59.7 
56.8 
56.5 
52.8 
50.6 
48.7 
46.4 

63.4 

45  4 

49.2 
50.2 
54.0 
56. 8 
55.2 
62.2 
69.1 
71.4 
74.5 
71.6 
72.2 
72.3 
74.6 
72.6 
75.5 
76.0 
76.1 
68.2 
68.1 
65.5 
66.8 
64.4 
59.6 
56.7 
56.5 
52.8 
50.6 
48.7 
46.4 

62.7 

45.3 
48.7 
50.0 
53.5 
56.6 
55.2 
59.5 
60.5 
62.0 
64.9 
69.2 
70.8 
70.2 
71.0 
70.5 
70.6 
73.0 
71.5 
68.1 
68.0 
64.3 
66.4 
64.4 
59.5 
56.6 
56.5 
52.7 
50.5 
48.6 
46.4 

60.8 

45.2 

47.5 
49.6 
52.3 
56.3 
55.0 
57.5 
56.0 
57.3 
59.2 
58.0 
59.1 
60.5 
58.0 
59.6 
57.7 
59.0 
60.6 
61.0 
60.2 
63.6 
63.6 
64.4 
59.4 
56.5 
56.3 
52.6 
50.4 
48.5 
46.4 

56.4 

44.8 
46.4 
48.5 
50.9 
53.0 
54.5 
55.5 
54.4 
55.2 
55.1 
54.3 
54.5 
54.5 
53.7 
53.0 
53.6 
55.0 
55.5 
53.5 
54.2 
51.7 
53.7 
60.0 
56.7 
56.1 
55.8 
52.5 
50.2 
48.4 
46.4 

53.0 

44.6 
45.6 
46.0 
47.7 
50.4 
50.5 
50.8 
51.5 
51.0 
53.0 
51.2 
51.7 
52.0 
50  5 
50.5 
51.0 
51.0 
50.6 
51.0 
50.5 
50.5 
50.5 
57.2 
51.1 
51.3 
52.4 
52.4 
50.1 
48.2 
46.4 

50.4 

44.4 
45.5 
45.5 
46.9 
48.9 
48.6 
50.0 
50.0 
48.3 
51.5 
49.8 
49.4 
50.7 
49.8 
49.3 
50.2 
49.0 
49.5 
49.7 
49.0 
49.4 
48.4 
49.6 
49.4 
49.4 
49.2 
49.9 
49.5 
47.5 
46.4 

48.8 

44.4    44  3    44.1    44.0 

45.3  45.1    45.0    44.8 
45.8    45.2    45.0    44.9 

46.4  45.9    45.2    44  8 

47.2  46.4    45  7    45.1 

47.3  46.1     45.6    44.8 

49.5  48.6    46.5    45.3 
49  8    48.5    45.9    44.8 
4  7.8    46.9    46.4    45  2 

44.0 
44.5 
44  8 

10th 

t44.3 
44  6 

17th 

."       24th 

44.3 
44  1 

7th 

44  1 

14th  

44  1 

21st 

49.8    48.9    47.7    45  5 

44.0 

July     6th 

48.6    47.4    46.2    45.7 
47.8    46.9    46.1!  45  2 
49.1     47.8    46.6    45.3 
48. 3|  47.6    46.8    45.3 
48.6    47.9    46.5    45.8 
49.6    48  3    47.5    45  8 

44  0 

13th 

44  0 

19th 

44  1 

25th 

*44  1 

Aug.     2d 

44  0 

9th 

44  0 

16th 

22d 

47.5  47.0    46.0    45.8 

48.6  47  9    47.3.  46  7 

44.1 

A.±    1 

Sept.    7th 

47.8    46.9    46.3    45. 2    44.3 
47  8    46  7    45.9    45  1!  i-i-  3 

13th 

48.6    47.1    45.9    45.2 
47.1    46.3    45.6    44.8 
47.9    46.5    45.8    45.0 
47.5    46.6    45.9    45.2 
47.5    46.7    45.9    45.2 

47.4  47.5    45.8    45  1 

47.5  46.7.   45.8    45.1 
47.9    46.6    45.8    45.1 
46.4    45.7    45 .3    44  8 

43  9 

••       20th.., 

27th....    

44.1 
44  3 

Oct.      4th 

11th 

44.3 
44  3 

18th 

*44  3 

25th 

"        8th 

44.4 
44.5 
44.3 

loth 

46.4 
47.7 

46.4 
46.8 

46.4 
46.0 

46.4 
45.2 

46.4 

Average 

44.3 

*  Represents  observations  taken  with  particular  care.  t  Bottom,  May  5th,  44.5. 
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I  a  BLE  No.  2—  (Continued). 

I  i  \iii  i;  \  i  i  ki.s   (PAHB.).       L\ki:  ('<»<  hi  i  (   \  I  i:.       L898. 


Dl  1  in    in  Fkkt 

0 

■ 

U) 

15 

20 

26 

35 

40 

r> 

50 

66 

60 

\]inl  1Mb 

42.0 
i  1    1 
46.7 
60  o 
69 . 8 
C.4  . 9 

68.1 
71.8 

73. a 
72.8 

67.8 
63.1 

75.2 
76  3 
74.5 
73.5 
74.4 
74.(5 
71.3 
69.8 
68.2 
66.8 
65.3 
03.2 
58.4 
59.0 
56.5 
56.4 
53.4 
50.0 
46.1 
45  0 

62.4 

ia.o 

ii  9 

!'■     1 

58.4 
62.8 
62.0 

70.0 
73.2 
72.6 
67.6 
62 . 5 
74.5 
75.1 
73.8 
72.9 
74.0 
74.1 
70.2 
67.5 
68.1 
66.4 
65.2 
63.1 
58.2 
59.0 
56.5 
56.3 
53.4 
50.6 
46.1 
45.0 

61.9 

42.0 
44.0 
40.0 
48.4 

68  ■  •"■ 
68.0 

61.3 
04 . 8 
72JI 
71.5 
07.0 

61  »'• 
73.8 
74.8 
73.0 
72.3 
72  0 
71.5 
70.0 

62  3 
67.9 
66.4 
65.2 
63.0 
58.0 
58.8 
56  5 
66.1 
53.4 
50.6 
46.1 
45.0 

60.8 

42.0 
43  8 
45.6 
47.7 
48.8 
54.2 
60.0 
55.2 
59.7 
64.2 
58.4 
57.8 
67.4 
04.2 
64.2 
64.8 
66.0 
69.0 
08.5 
58.4 
66.8 
65.0 
64.5 
62.6 
57.8 
58.2 
56.5 
56.0 
53.4 
50.6 
46.1 
45.0 

57  6 

42.0 
48.6 
15.2 

47.3 
18.8 

48.5 
51.7 
49.3 
52.2 
63.5 
52.7 
51.1 
51. £ 
52.5 
51.5 
52.4 
54.0 
56.0 
56.4 
52.5 
62.5 
58  3 
58.3 
62.1 
57.5 
58.2 
56.4 
55.8 
53.4 
50.6 
46.1 
45.0 

52.7 

12.0 

43.4 

4 » .  g 

46.5 
48.0 
48.0 
48  0 
48.1 
49.5 
58.0 
49.2 
49.6 
49.8 
50.1 
49.3 
49.3 
53.0 
53.2 
52.8 
49.7 
56.2 
52.5 
53.8 
55.8 
53.7 
54.5 
54.3 
55  1 
53.4 
50.6 
46.1 
45.0 

50.5 

42.0 
43.3 
44.7 
40.2 
47.3 
IT.s 
47.8 
47.0 
49.0 
48.7 
47.0 
47.3 
48.0 
48.4 
48.1 
48.0 
52.2 
48.9 
51.2 
48.9 
49.1 
50.3 
51.2 
49.5 
49.4 
51.5 
52.8 
54.4 
53.4 
50.2 
46.1 
45.0 

48.7 

42.0 

i:;  9 
44.5 
46.9 

47.0 
47.2 
47.5 
40.8 
48.7 
48.0 
47.1 
40.9 

47  6 
47. y 
47.8 
47.7 
47.8 
47.8 
48.8 
48.6 
48.3 
48.3 
49.8 

48  4 
48.2 
50.8 
49.0 
49.7 
50.1 
50.0 
45.9 
45.0 

47.5 

42.1 
43.1 
44.3 
45.8 
47.0 
47.0 
47.5 
46.5 
48.3 
47.5 
46.8 
46.5 
47.2 
47.5 
47.2 
47.1 
47.0 
47.1 
47.3 
47.9 
47.7 
48.0 
48.5 
47.5 
47.5 
60.8 
47.9 
48.5 
48.5 
48.5 
45.8 
45.0 

47.0 

42  1 
43.0 

11    1 
45.5 
47.0 
47.0 
47.5 
46. 3 
48  3 
47.0 
40.3 
46.2 
16.6 
46.7 
46.7 
46.5 
46.5 
46.5 
47.0 
47.3 
40.9 
47.2 
48.5 
46.8 
40.9 
50.8 
47.1 
47.6 
47.7 
47.0 
45.7 
45.0 

46.5 

42.2 
42  9 
ll.ii 
45.3 
47.0 
47.0 
47.5 
45.8 
48.3 
47.0 
45.9 
45.7 
45.9 
46.2 
46.1 
45.8 
45.9 
45.9 
47.0 
46.5 
46.4 
47.0 
48.5 
40. 1 
46.3 
50.8 
46.2 
46.9 
46.9 
47.0 
45.7 
45.0 

46.3 

42.2 
42.9 
43.9 
45.8 
16.8 
47.0 
47.2 
45.4 
48.2 
47.0 
45.5 
4>.4 
45.4 
45.6 
45.6 
45.4 
45.4 
45.4 
45.7 
45.8 
45.8 
47.0 
47.8 
45  6 
45.6 
49.8 
45  7 
46.2 

42.3 

_T>th 

42.  H 

Ma\       2d 

9tfa 

44.4 

ltUh 

16  5 

23d 

45.5 

:tlst 

16  .; 

45.1 

13th 

45.2 

20tb 

45.3 

20th 

3(ith 

45.1 
44.9 

July    11th 

44.9 

]Sth 

•46 .  o 

2Mb 

45.0 

44.9 

8th 

45.1 

15th 

4  4  8 

••       2(*>th 

44.8 

29th 

44.9 

Sept.    Oth 

45.0 

12th 

44.8 

19th 

44  8 

"       2Cth 

44.9 

Oct.      3d 

44  9 

10th 

45.1 

17th 

24th 

44.9 
45.4 

•«        31st   

46. 21  45.0 

Nov.     7th 

47.0!  45.7 

lGth 

45.51  45.3 

45.0 
45.9 

45.2 
45.0 

*  Represents  observation  taken  with  particular  care. 
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TABLE  No.  2— {Continued). 
Temperatures  (Fahr.).     Lake  Cochituate.     1894. 


Depth  in  Feet 

0 

5 

10 

15 

20 

•_>.-> 

30 

35 

40 

4.5 

50 

55 

Bot. 

April  17th 

43.8 
50.2 
37.0 
61.1 
61.2 
61.5 
62.3 
62.5 
71.5 
75.7 
73.3 
77.1 
76.6 
77.6 
78.6 
79.5 
78.5 
73.6 
70.2 
70.5 
68.8 
69.7 
68.3 
65.4 
61.8 
59  2 
53.5 
52.7 
51.5 
47.4 

66.4 

43.5 

50.0 
56.5 
60.7 
61.0 
60.3 
61.9 
62.1 
69.5 
74.2 
73.0 
75.8 
76.2 
77.1 
78.1 
79.0 
77.3 
72.8 
70.1 
70.2 
68.6 
68.9 
67.6 
64.9 
61.7 
59.1 
53.5 
52.7 
51.5 
47.4 

64.8 

43.5 
49.2 
54.9 
60.0 
59.7 
59.1 
61.5 
61.4 
67.6 
71.6 
71.2 
72.6 
74.5 
76.0 
77.4 
78.8 
75.8 
72.3 
70.0 
70.1 
67.9 
67.7 
66.8 
63.4 
61.6 
58.9 
53.5 
52.6 
51.4 
47.4 

63.9 

42.8 
48.8 
50.0 
54.4 
58.8 
57.6 
57.8 
58.6 
59  8 
60.5 
62.7 
65.0 
70.6 
69.5 
68.5 
67.2 
64.7 
65.4 
69.2 
70.0 
67.5 
65.6 
66.4 
62.3 
61  5 
57.8 
53.3 
52.5 
50.8 
47.4 

60.2 

42.5 
47.3 
47.1 
48.6 
56.9 
51.0 
51.5 
52.3 
53.4 
54.2 
53.5 
53.5 
56.8 
56.0 
55.2 
54.3 
52.5 
50.8 
54.9 
51.5 
52.2 
53  1 
52.2 
52.5 
53.5 
49.0 
53.5 
52.4 
50.3 
47.4 

52.0 

42.1 
45.8 
45.7 
46.8 
47  2 
47.2 
47.2 
48.0 
49.4 
50  5 
51.7 
49.1 
52.3 
50.7 
49.2 
47.6 
49.2 
49.2 
50.5 
49.0 
49.7 
49.9 
49.7 
49.3 
50.5 
48.2 
52.9 
50.0 
49.5 
47.4 

48.8 

42.1 
44.5 
44.0 
44.3 
45.9 
44  6 
45.5 
45.6 
47.0 
48.1 
48.2 
47.3 
48.9 
48.1 
47.5 
46.9 
47.5 
47.8 
-17.4 
47.1 
47.4 
47.3 
45.5 
46  4 
46.8 
46.9 
52.4 
48.6 
48.2 
47.3 

46.8 

41.7 
43.0 
43.6 
43.9 
45  0 
43.9 
44.6 
44.8 
46.1 
47.2 
47.5 
46.0 
48.7 
47.8 
46.9 
46.1 
46.4 
46.5 
46.5 
46.2 
46.3 
46.1 
45.0 
45.5 
46.1 
46.0 
48.1 
47.7 
47.7 
47.3 

45.9 

41.7 
42.2 
43.2 
43.3 
44.  (i 
41.3 
43.9 
44.2 
45.2 
45.9 
47.3 
45.2 
48.5 
47.5 
46  4 
45.3 
45.6 
45.6 
45.8 
45.4 
45.1 
45.2 
44.4 
44.8 
45.3 
45.3 
46.5 
46.3 
46.6 
47.3 

45.2 

41.7 
41.8 
42.9 
42.8 
43.9 
42.8 
43.4 
43.8 
44.4 
44.7 
47.1 
44.5 
48.5 
47.2 
45.8 
44.5 
44.7 
44.9 
45.0 
44.5 
44.4 
44.4 
43.9 
44.1 
44.4 
44  6 
45.  '1 
45.1 
45.4 
47.3 

44.6 

41.7 
41.8 
42.5 
42.4 
43.7 
42.3 
42-7 
42.9 
43.2 
43.5 
46.8 
43.9 
48.1 
46.6 
45.0 
43.6 
44.1 
44.3 
44  2 
43.8 
435 
43.7 
43.5 
43.2 
43.6 
43.9 
44.4 
44.3 
44.5 
47.3 

44.0 

41.7 
41.8 
42.1 
42.1 
43.7 
41.9 
42.3 
42.5 
42.7 
42.9 
46.8 
43.1 
47.5 
46.0 
44.5 
43.2 
43.5 
43.7 
43.6 
43.3 
43.2 
43.3 
43.2 
43.2 
43.2 
43.4 
43.7 
43.8 
43.8 
47.3 

43.6 

41.7 

24th 

*41.3 

41.5 

8th 

41.5 

16th 

41.8 

23d 

41.5 

••        31st 

41.8 

June    6th 

41.9 

15th 

42.2 

21st 

42.4 

26th 

42.3 

July     5th 

42.6 

11th 

42.7 

18th 

25th 

42.8 
42.9 

Aug.      1st 

7th 

15th 

42.8 
43.0 
43.1 

22d 

43.0 

29th 

42.9 

Sept.    5th 

42.9 

12th 

42.8 

"       19th 

42.9 

"       26th 

42.9 

Oct.      3d 

10th 

43.0 
43.1 

17th 

43.3 

24th 

43.4 

««        31st 

43.3 

Nov.    7th 

47.3 

Average 

42.7 

*  Bottom,  41.4. 
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TABLE  No  7. 

I' i  \ni  i;  \  i  i  BBS  in    Laki    SUPEBIOB.     I  .  S.    I.\ki.  Si  RVEY,    L871.       N in  SOLS. 


Date. 

Latitude. 

Longitud.  . 

to 

a! 

~  o 

<** 

a 

A 

ft 
W 

Q 

Temperature  at 
surface  in  degrees. 

Temperature  at 
bottom,  in  degrees. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Aug.    7... 

46°  53' 

to 
47°  23' 

43' 
to 
86s  15' 

127 
129 
121 
131 
,     74 

59 
105 
121 
168 
116 
136 
158 

47 
129 
13G 
134 

82 

148 

!     20 

61 

7J 

702 
774 
726 
786 
444 
354 
630 
726 
1008 
696 
816 
948 
282 
774 
816 
804 
492 
888 
120 
366 
438 

56.5 
56.0 
68.0 

50.1 
50.8 
55.8 
49.7 
49.5 
49.2 
50.2 
52.2 
52.9 
51.8 
52.7 
52.3 
50.1 
51.5 

13.6 
13.3 
11.7 
10.1 
10.4 
13.2 
9.8 
9.7 
9.5 
10.1 
11.2 
11.6 
11. 0 
11.5 
11.3 
10.1 
10.8 

38.8 

38.8 

39.1 

38.8 

38.8 

41.3 

39.0 

39.2 

39.0 

39.3 

38.9 

33.4? 

36.8 

38.9 

38.8 

38.9 

39.0 

38.7 

39.7 

39.2 

38.9 

3.8 

3.8 

:;  9 

3.8 

3.8 

Aug.  11... 
Vii^'.  15.. . 

18' 
48'  20' 

to 
47°  45' 

86°  15' 

87°    3' 

to 

87°     6' 

5.2 
3.9 
4.0 

8.9 

4.1 

3.8 

0.8 

Aug.  18... 

48°     9' 

to 
47°  36' 

88°  15' 

to 
87°  42' 

2.7 
3.8 

3.8 

3.8 

3.9 

Aug.  22... 

Near  Copper 

Harbor 

3.7 

51.3 
55.3 
55.0 

10.7 
12  9 
12.8 

4.3 

4.0 

Aug.  29... 

48°  42' 

87°  47' 

3.8 

TABLE  No.  8. 
Temperatures  of  Some  Lakes  in  Massachusetts.  — F.  P.  Stearns. 
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TABLE  No.  9. 
Temperatures  of  Swiss  Lakes. — H.  B.  de  Saussure. 


Lake. 


Date. 


Geneva February  6th,  1777 . 

Geneva August  5th,  1779.... 

Thun jjuly  7th,  1783 

Brientz July  8th.  1783 

Lucerne !  July  28th, 

Constance July  25th,  1784 

Maggiore (July  19th,  1783 

Neuchatel ijuly  17th,  1779 , 

Bienne '  July  20th,  1779 , 

Annecy ]  May  14th,  1780 , 

Bourget October  6th,  1784... 


Depth. 
Feet.* 


1013 
IK) 
373 
533 
640 
394 
357 
346 
231 
174 
256 


Temperature . 


Surface. 
Fahr. 


42.1 
70.2 
66.2 
66.9 
68.5 
64.6 
77.0 
73.6 
69.3 
57.9 
64.2 


Bottom. 
Fahr. 


41.7 
43.0 
41.0 
40.6 
40.8 
39.7 
44.1 
41.2 
43.4 
42.1 
42.1 


*De  Saussure's  depths  are  given  in  Swiss  feet  which  have  here  been  multiplied  by 
0.9382929,  to  reduce  to  English  measures. 


TABLE  No.  10. 
Lake  Thun. — Fischer-Ooster  and  Brunner,  1848-49. 


English 

feet. 

March  28, 
1848. 

May  13. 

July  3. 

August  5. 

Sept.  6. 

Oct.  28. 

Nov.  26. 

Feb.  3, 

1849. 

42.3 
41.4 

59.1 
51.4 

59.6 
59.0 

62.8 
60.4 

65.6 
61.8 

53.4 
53.2 

46.3 
46.3 

40.8 

10.7 

41.0 

21.3 

41.3 

49.2 

57.2 

57.3 

59.1 

53.0 

46.4 

41.2 

32.0 

41.2 

48.0 

53.2 

55.5 

57.7 

53.0 

46.2 

41.0 

42.6 

41.1 

46  6 

52.1 

54.4 

56.2 

53.2 

46.1 

40.7 

63.9 

40.9 

44.8 

49.6 

52.6 

53.8 

53.0 

46.1 

40.7 

85.3 

40.8 

44.2 

46.3 

50.7 

50.9 

52.1 

46.1 

40.7 

127.9 

40.4 

41.8 

42.3 

43.7 

43.4 

43.6 

44.0 

40.7 

170.5 

40.4 

41.5 

41.4 

41.8 

41.7 

42.1 

42.1 

41.0 

266.5 

40.4 

40.8 

41.0 

41.1 

41.4 

41.0 

41.3 

40.7 

373.0 

40.6 

40.9 

40.9 

41  1 

41.1 

40.8 

40.7 

40.6 

479.6 

40.7 

40.7 

40.8 

40.9 

40.8 

40.9 

40.6 

40.7 

686.3 

40.7 

40.7 

40.8 

40.7 

40.8 

Lake  Thun  is  known  to  have  been  frozen  four  times,  1363,  1435,  1685  and  1695. 
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TABLE  No.   II. 

I  i  \iri  i;\  I  i  i;i  s   <u     I .  \  g  i     <  ii  \i  \  \.    -F.    A.    FOREL. 


Depth. 

L879 

A 

n 

£ 

3# 

C5 

-K 

J 

A 

T3 

<-H 

71 

A 

«• 

A 

o 

u 

o 

CO 

u 

0) 

9 

.— i 

o 

CO 

EC 

E 

s 

<» 

May  14t 

CM 

9 

a 

3 
•-s 

July  24t 

4A 

00 
5 

fcfi 

0 
< 

B 

0> 

Pi 

<^ 
CO 

66.55 

b 

A 

O 

O 

O 

a 

Q 
O 

9 
A 

a 

o 

ID 

>> 

u 

08 

a 
a 

5 

p 

Q 
i 

0 

0 

49.65 

66.40 

67.30 

71.60 

52.50 

42.10 

41.70 

41.35 

41.00 

10 

32.8 

44.95 

54.15 

58.30 

64.40 

61.35 

52.00 

42.10 

20 

65.6 

44.60 

47.65 

56.85 

54  85 

53.95 

51.80 

30 

98.4 

44.40 

45.30 

53.05 

50.90 

48.75 

50.72 

40 

131.2 

44.25 

43.90 

46 .  20 

45.70 

45.70 

47.10 

50 

164.0 

43.70 

43.35 

44.05 

44.40 

44.60 

44.80 

60 

196.8 

43.35 

43.15 

43  50 

43.90 

42.10 

70 

229.6 

43.00 

43.00 

42.80 

42.80 

42.80 

80 

262.4 

42.60 

42.45 

42.45 

42.45 

42.25 

43.15 

90 

295.2 

42.25 

41  90 

42.10 

42.10 

41.90 

42.80 

• 

100 

328.0 

41.90 

41.70 

41.90 

41.90 

41.70 

42.45 

110 

360.8 

41.70 

41.55 

41.70 

42.25 

42.10 

120 

393  6 

41.55 

41.55 

41.55 

4i.70 

41.55 

42.10 

130 

426.4 



41.35 

41.35 

41.55 

41.55 

41.90 

140 

459.2 



41.55 

41.55 

41.70 

150 

492.0 

41.35 

41.70 

41.90 

160 

524.8 

41.35 

41.55 

170 

557.6 

41.35 

200 

656.0 

41.35 

41.55 

220 

721.6 

41.35 

240 

787.2 

41.55 

250 

820.0 

41.35 

260 

852.8 

41.35 

270 

885.6 

41.35 

300 

984.0 



41.35 

41.35 

41  35 

The  surface  temperature  on  January  15th,  lb80,  was  41.35°,  and  on  January  30th,  41 c 
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DISCUSSION. 


Sir.  Fanning.        ,).  'I'.  Fanning,  M    Am.  Boo.  0.  E. — This  papei  emphasizes  the  ne 
aity  of  providing  outlets  at  different   elevations  for  reservoirs  an. I 
particularly  storaj  rvoirs.     It  is  common  practice  t<i  provide  two 

or  three  gates.  As  long  ago  as  L868  the  speaker,  realizing  this  n< 
sitv.  arranged  an  adjustable  outlet  for  a  Btorage  reservoir  of  or*  acres 
area  as  fellows:  The  main  out  lot  pipe  was  fitted  in  a  Y  joint  and  placed 
near  the  bottom  of  the  reservoir  about  '20  ft.  beloVi  the  flow  line.  This 
adjustable  pipe  revolved  in  a  vertical  plane  and  was  provided  with  a 
large  strainer  bulb  and  oounterweighted so  that  it  could  be  set  readily 
at  any  altitude.  This  was  a  convenient  arrangement  by  which  not  only 
could  water  be  drawn  from  the  level  where  the  best  was  found,  but  the 
strainer  could  be  raised  above  the  water  surface  and  readily  cleaned. 

Mr.  Daxraoh.  C.  G.  Darrach,  M.  Am.  Soc.  C.  E. — The  paper  is  no  doubt  the  most 
exhaustive  treatise  upon  the  subject  of  the  temperature  of  lakes,  and  the 
author's  theory  of  semi-annual  vertical  circulation  is  new.  Even  with- 
out experimental  data,  serious  thought  upon  the  subject  would  natur- 
ally lead  one  to  suppose  that  there  would  be  a  tendency  to  such  verti- 
cal circulation. 

In  January,  1883,  the  speaker  took  some  isolated  observations  upon 
the  temperature  of  surface  and  bottom  waters  in  the  Schuylkill  River, 
and  in  three  of  the  Philadelphia  reservoirs.  The  water  had  been  cov- 
ered with  ice  for  some  time  previous  to  the  time  of  observation.  The 
data  taken  was  as  follows : 


Air. 

Wateb. 

Location. 

Degrees, 
Fahr. 

Surface. 

Degrees, 

Fahr. 

Bottom. 

Degrees, 

Fahr. 

Depth. 

Feet. 

Difference. 

Fairmount  Dam  

33. 
33.2 
33.4 
33. 

33.4 
33.8 
33.8 
33.4 

12 
12 
16 
18 

0.4 

Fairmount  Reservoir 

34. 
34. 
36. 

0.6 

Spring  Garden  Reservoir 

Roxborough  Reservoir 

0.4 
0.4 

It  will  be  noticed  that  the  temperature  of  the  water  immediately 
under  the  ice  was  somewhat  higher  than  the  observations  noted  by  the 
author. 

In  1881  a  difference  of  12°  Fahr.  was  noted  between  the  temperature 
of  the  surface  water  and  the  water  at  a  depth  of  50  ft.  in  Druid  Hill 
Reservoir,  Baltimore. 

The  spring  and  fall  equilibrium  in  the  densities  of  water  in  deep 
reservoirs  has  a  tendency  to  produce  a  vertical  circulation,  but  the 
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speaker  was  not  prepared  to  admit  that  there  is  an  entire  semi-annual  Mr.  DamdL 
overturning. 

In  August.  1875,  (while  in  company  with  Messrs.  \Y.  J.  McAlpine, 
J.  W.  Adams,  Milnor  Roberts.  William  E.  Morris.  Solomon  W. 
Roberts  and  William  H.  McFadden,  one  of  the  numerous  commissions 
on  the  water  supply  of  Philadelphia),  during  a  visit  to  Tumbling  Run 
Dam,  a  feeder  to  the  Schuylkill  Canal,  it  was  noticed  that  the  water 
drawn  from  a  depth  of  50  ft.  was  very  offensive,  both  in  taste  and  odor. 
After  running  a  short  distance  in  the  brook,  the  disagreeable  taste 
and  odor  disappeared.  Much  discussion  ensued  among  the  members 
of  the  commission  as  to  the  cause  of  the  trouble,  the  catchment  area 
of  the  reservoir  being  at  that  time  free  from  artificial  pollution.  The 
speaker  suggested  that  decaying  vegetation,  infusoria,  etc.,  sank  to  the 
lower  waters  of  the  reservoir,  where,  for  lack  of  heat  and  air,  decompo- 
sition was  suspended,  and  the  water  containing  this  pollution,  after 
being  exposed  to  the  atmosphere,  was  speedily  purified. 

In  the  winter  and  spring  of  1881  the  water  Bupply  of  the  city  of 
Baltimore  was  so  offensive  that  a  public  outcry  resulted,  and  venders 
of  pure  spring  water  reaped  a  harvest.  The  water  of  the  city  storage 
reservoirs  and  mains  was  drawn  off  and  the  trouble  temporarily 
ended. 

At  the  instance  of  the  late  Robert  K.  Martin,  M.  Am.  Soc.  C.  E., 
the  chief  engineer,  the  speaker  visited  Baltimore  in  1882  and  suggested 
to  him  that  he  should  waste  all  surplus  water  from  the  bottom  of  Lake 
Montebello,  the  receiving  reservoir  of  the  Gunpowder  supply,  and  if 
possible  allow  no  water  to  waste  over  the  weir,  and  that  he  should 
allow  the  supply  from  Jones'  Falls  audits  receiving  reservoir  on  Druid 
Hill  to  waste  as  formerly  over  the  weir. 

Lake  Montebello  has  a  depth  of  30  ft.  Druid  Hill  Reservoir 
has  a  maximum  depth  of  65  ft.  and  a  capacity  of  495  000  000 
galls.,  and  at  that  time  the  daily  consumption  from  it  was  10  000  000 
galls.  There  are  two  inlets  to  the  Druid  Hill  Reservoir,  one  at  the 
upper  end  and  one  about  the  middle,  both  of  them  discharging  into 
the  reservoir  at  the  bottom.  The  outlets  from  this  reservoir  are  three- 
quarters  of  a  mile  from  the  tipper  end  and  15,  26  and  39  ft.  respectively 
below  the  surface. 

There  was  no  complaint  of  bad  water  until  the  latter  part  of  No- 
vember, 1882,  nearly  two  years  after  the  water  had  been  drawn  down, 
when  the  water  in  Druid  Hill  Lake  was  found  bad  50  ft.  below  the 
surface  and  the  water  in  all  of  the  other  reservoirs  was  good,  Druid  Hill 
being  the  only  one  from  which  a  flow  or  waste  from  the  bottom  had 
not  been  kept  up  during  the  intervening  period. 

On  February  16th,  1883.  Mr.  Martin  advised  the  speaker  that  he 
found  the  water  in  Druid  Hill  lake  good  at  5,  10  and  15  ft.  below  the 
surface,  but  bad  below  that,  so  it  would  appear  that  there  had  been  a 


1  L2  DI8(  i  SSIOH    «»\    i  II  i.    i  i  m  I'll;  \  ri  i;i.   <>i     i.  \  b  I 

mi-.  D.innch.  partial  overturning,  btil  thai  the  bad  water  wasnoi  bronghl  to  the  sur- 
faoe. 

attention  is  called  to  the  necessity  of  making  anlpk  provision  for 
drawing  off  the  old  water  from  the  bottoms  of  storage  reservoirs  and 
preventing  fresh  waters  from  running  to  waste,  especially  when  it  may 
lie  found  ceoessary  to  oonserve  the  rainfall  of  the  catchment  area  t'«.r 
a  Longer  period  1 1 1 sin  a  \ car. 
Mr.  stoarns.  F.  P.  Steahns,  M.  Am.  Soc.  C.  E. — The  speaker  believed  thai  the 
subject  of  temperature  of  ponds  and  lakes  is  not  only  of  scientific  in- 
terest, but  that  it  is  of  much  practical  importance  that  engineers  con- 
nected with  water-works  should  be  familiar  with  the  seasonal  changes 
of  temperature,  particularly  those  which  occur  in  deep  ponds  and 
either  produce  or  prevent  vertical  currents  at  different  seasons  of  the 
year,  thereby  having  an  important  influence  upon  the  quality  of  water 
at  different  depths. 

In  a  great  majority  of  deej)  ponds  and  reservoirs,  the  lower  layers, 
which  are  stagnant  during  the  summer  and  consequently  unable  to  get 
any  fresh  supply  of  oxygen  from  the  air,  accumulate  free  ammonia 
and  other  solid  and  gaseous  products  of  decomposition,  and  the  water  in 
them  becomes  more  and  more  offensive  toward  the  end  of  the  season  of 
stagnation.  It  is  therefore  desirable,  in  such  cases,  that  the  water  for 
use  should  be  taken  from  near  the  surface,  and  that  if  there  is  water 
to  be  wasted  it  should  be  taken  from  the  bottom  layers  which  contain 
the  greater  amount  of  impurity,  since  the  whole  body  of  water  will  be 
improved  thereby  when  the  whole  of  the  water  in  the  reservoir  is 
thoroughly  mingled  by  the  overturning  in  the  autumn. 

There  are  a  few  deep  ponds  and  reservoirs  in  which  there  is  so  little 
decomposition  that  the  oxygen  in  the  lower  layers  is  not  used  up  and 
the  products  of  decomposition  do  not  accumulate.  In  such  cases  a 
water  which  is  both  cold  and  good  can  be  drawn  from  the  lower  layers. 
The  ponds  and  reservoirs  of  this  kind  are  somewhat  rare,  but  an  in- 
stance of  a  natural  body  of  water  is  furnished  by  Lake  Winnepesaukee, 
in  New  Hampshire,  in  which  the  water  was  found  to  be  as  good  in  the 
summer,  at  a  depth  of  110  ft. ,  as  at  the  surface ;  and  an  instance  of  an  arti- 
ficial body  is  furnished  by  Reservoir  No.  4,  of  the  Boston  Water-Works, 
in  which  the  bottom  water  is  practically  of  the  same  quality  as  that  at 
the  surface.  Reservoir  No.  4  was  carefully  prepared  for  the  reception 
of  water  by  the  removal  of  all  the  soil  and  vegetable  matter,  and  from 
the  time  it  was  first  used,  not  only  has  there  been  no  accumulation  of 
the  products  of  decomposition  in  the  bottom  layers,  but  there  has  been 
no  excessive  growth  of  algae  or  other  organisms.  This  is  a  record 
which  very  few  natural  ponds  can  furnish,  and  is  a  very  important 
argument  for  the  thorough  cleaning  of  storage  reservoirs. 

The  extent  to  which  the  products  of  decomposition  have  accumu- 
lated is  well  indicated  by  the  amount  of  free  ammonia,  and  the  follow- 
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ing  table  gives  a  number  of  instances  of  the  amount  of   free  ammonia  Mr.  Btc 
found  at  the  surface  and  near  the  bottom  of  various  ponds  and  re- 
voire  during  the  period  of  Bummer  stagnation. 


Date. 

Depth  of  pond 
or  n  scrvoir. 
Feet. 

-  - 

-  - 

z   I     . 

A      ~ 

z  -- 

Fi.ee  Ammonia. 

Locality. 

Sarface-     bottom. 

Boston.  Mass.,  Reservoir  4 

Lake  Winnepesaukee,  N.  H 

Aug.  14th,  1890... 
\ug.  27th,  1889... 
Sept.  ISth,  1S90... 
July  '24th,  1889.. 
Aug.   31st,  1887... 
Aug.  28th,  1893... 

57 
36 
65 
46 
46 

■ 

35 
60 
45 
40 
110 

0.0000          0.4720 
0.0012          0.1760 
0.0004          0. 
0.0000          O.Oof.u 
0.0000          0.0021 
0.0000          0.0000 

So  far  as  the  speaker  was  aware,  the  first  information  regarding  the 
accumulation  of  free  ammonia  in  the  bottom  of  ponds  during  the  sum- 
mer was  furnished  by  Professor  William  Ripley  Nichols,  to  whom  the 
engineering  profession  is  indebted  for  much  knowledge  on  the  subject 
of  water  supply.  He  was  aware  that  a  sample  of  water  collected  from 
near  the  bottom  of  a  deep  pond,  in  October.  1S77.  contained  a  large 
amount  of  free  ammonia,  and  he  did  not  agree  with  the  statement  of 
another  chemist  that  this  sample  probably  came  from  the  neighbor- 
hood of  a  mass  of  decaying  matter.  In  May.  1^7S.  lie  instituted  a 
series  of  tests  which  continued  for  a  year,  in  which  the  character  and 
the  temperature  of  the  water  at  the  surface,  mid-depth  and  bottom  of 
this  pond,  which  had  a  maximum  depth  of  46  ft.,  was  determined  fre- 
quently. •-"  The  observations  were  made  weekly  during  the  summer  of 
1878.  and  at  less  frequent  intervals  during  other  portions  of  the  year. 
He  determined  the  seasonal  changes  in  temperature  substantially  as 
now  known,  and  discovered  the  large  accumulation  of  free  ammonia  in 
the  bottom  layers  during  the  summer. 

The  subjects  of  temperature  of  the  water  of  deep  ponds  and  the 
effects  of  temperature  upon  the  quality  of  water  of  deep  ponds  have 
also  received  extended  treatment  in  the  special  report  of  the  Massa- 
chusetts State  Board  of  Health  upon  the  Examination  of  Water  Sup- 
plies, 1890,  pages  659-676  and  749-767. 

In  determining  the  character  of  the  water  of  a  deep  pond  or  reser- 
voir which  it  is  proposed  to  use  for  water  supply  purposes,  much  can 
be  learned  by  analyzing  samples  of  water  taken  from  the  bottom  layers 
during  the  period  of  stagnation. 

The  author,  at  the  end  of  the  paper,  makes  the  following  statement: 
"  This  uniformity  of  temperature  in  ordinary  lakes  takes  place  at  two 
points  in  the  yearly  profile,  and  at  these  times  the  wind  effects  are  felt 

*  See  Health  Supplement  of  Report  of  Massachusetts  Board  of  Health,  Lunacy  ant  Char- 
ity for  1879,  p.  100;  also,  Transactions  of  the  American  Society  of  Civil  Engineers  for  1>*4. 
p.  76. 
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If r.  Stearns,  to  great  depths."  The  speaker  agreed  with  tliis  statement,  bni  be 
thought  it  does  no1  go  far  enough  to  give  a  clear  idea  as  to  the  greal  and 
complete  overturning  which  takes  place  in  the  spring  and  bo  a  greater 
extenl  in  the  autumn.  As  the  surface  water  cools  in  the  autumn  and 
becomes  heavier  than  the  water  below  the  surface,  vertical  currents 
are  produced  which  extend  down  to  and  Bomewhal  beyond  the  depth 
where  the  water  is  at  the  same  temperature  as  at  the  surface.  These 
currents  arc  nearly  continuous  and  extend  deeper  and  deeper  us  the 
season  advances  until  some  time  in  Noveml>er.  when  they  extend  to 
the  bottom  of  the  pond.  After  they  have  reached  the  bottom,  they  con- 
tinue  to  keep  the  water  in  motion  for  several  weeks  until  the  whole  of 
the  water  in  the  pond  has  reached  the  temperature  of  maximum  density. 

( )bservations  of  temperature  at  different  depths  when  the  water  is 
cooling  and  overturning  indicate  that  the  water  in  the  pond  may  be 
overturned  several  times  a  day,  and  analyses  of  samples  from  different 
depths  show  by  their  uniformity  that  the  water  is  most  thoroughly 
mingled. 

In  connection  with  this  subject  of  the  temperature  of  lakes,  it  is  in- 
teresting to  compare  the  annual  curves  showing  the  mean  temperature 
of  the  water  and  of  the  air.  Such  curves  applicable  to  Massachusetts 
are  shown  in  Fig.  12. 
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Fig.  12. 
It  will  be  noticed  at  once  that  the  mean  temperature  of  the  water 
is  somewhat  higher  than  the  mean  temperature  of  the  air,  although  at 
one  point  in  the  spring  the  two  curves  coincide.  It  seems  surprising 
that  the  temperature  of  the  water  in  the  spring  should  not  be  lower 
than  that  of  the  air,  since  both  are  rising  at  the  rate  of  about  £°  Fahr. 
per  day,  and  it  would  naturally  be  thought  tUat  the  air  would  warm 
up  much  more  quickly  than  the  water.  The  reason  for  the  higher 
mean  temperature  of  the  water  is  not  clear,  but  it  seems  probable  that 
the  direct  effect  of  the  sun's  heat  upon  the  water  has  an  important  in- 
fluence in  producing  the  results  observed. 
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THE  PHILADELPHIA  AND   BEADING  TERMINAL 
RAILROAD  AND  STATION  IN  PHILADELPHIA. 


By  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual   Convention,  June,  1895. 


WITH  DISCUSSION. 


Progress  in  this  country  is  evidenced  in  no  way  more  conclusively 
than  in  the  growth  of  railways.  With  their  great  development,  their 
consolidation  into  grand  trunk  lines,  the  concentration  of  traffic,  and 
the  expansion  of  suburban  travel,  the  necessity  has  arisen  in  cities  of 
the  first  class  for  great  terminal  railway  stations  in  central  locations, 
provided  with  all  the  improvements,  accommodations  and  facilities  for 
rapid  and  effective  train  service  which  modern  ingenuity  can  devise. 
It  is  believed  that  an  account  of  the  construction  of  one  of  these  great 
terminals  from  its  inception  to  its  completion  will  be  of  considerable 
interest  to  the  profession,  and  it  is  with  this  object  that  the  present 
paper  has  been  prepared. 

The  Philadelphia  and  Reading  Terminal  Railroad  was  constructed, 
as  its  name  suggests,  for  the  purpose  of  providing  a  proper  terminal  in 


L16  WILSON"  0»    READING  TERMINAL. 

the  « •  i  t  \  of  Philadelphia  for  tin*  Philadelphia  and  Reading  Railroad 
system.  The  Philadelphia  and  Reading  Railroad  was  originally  bnill 
about  the  year  1888  as  a  coal  road,  extending  from  Pottsville,  Pa.,  to 
Philadelphia,  a  distance  of  •»•*'>  miles.  By  Its  subsequenl  extensions  and 
branches  and  bj  the  acquirement  of  the  oontrol  of  other  roads  the 
company  now  operates  2  210  miles  of  railroad,  and.  excluding  the 
Atlantic  City  Railroad  in  southern  Nru  Jersey,  it  has  2  094  miles  of 
railroad  terminating  in  Philadelphia.  Its  lines  extend  t  brough  or  into 
18  counties  of  Pennsylvania  which  have  an  aggregate  area  of  9  805 
square  miles  and  a  population  of  2  400  000. 

At  Bound  Brook,  N.  J.,  connection  is  made  with  the  Central  Bail- 
road  of  New  Jersey,  furnishing  a  route  to  New  York  City;  at  Bethle- 
hem, Pa. ,  it  joins  the  Lehigh  Valley  Railroad  and  provides  direct  com- 
munication between  Philadelphia  and  the  Lehigh  and  Wyoming  Val- 
leys, and  also  a  route  to  Buffalo  and  the  Great  Lakes;  at  Williamsport, 
Pa. ,  it  unites  with  railroads  leading  into  the  bituminous  coal  tields  of 
northern  and  western  Pennsylvania;  and  by  its  Lebanon  "V alley  division 
and  branches,  passing  through  the  rich  country  of  Lancaster,  it 
reaches  Harrisburg,  the  capital  of  the  state,  and,  after  crossing  the 
Susquehanna  River,  it  penetrates  the  Cumberland  Valley  toward 
Gettysburg  and  goes  on  to  the  valley  of  the  Potomac.  At  Philadelphia 
a  connection  is  established  with  the  Baltimore  and  Ohio  Railroad,  fur- 
nishing communication  with  Baltimore,  Washington  and  the  South. 
This  company  had  four  passenger  terminals  in  Philadelphia,  two  of 
them  legacies  from  leased  lines,  all  located  in  inconvenient  points  far 
removed  from  business  centers,  but  by  the  construction  of  its  terminal 
road  it  has  now  established  its  main  passenger  station  in  the  heart  of 
the  city  and  within  two  blocks  of  the  City  Hall. 

In  order  to  show  justification  for  the  erection  of  such  a  terminal  as 
has  been  built,  it  may  be  stated  that  in  1891  the  number  of  passengers 
carried  by  the  Philadelphia  and  Reading  Railroad  was  over  18  000  000, 
and  in  1893  there  were  over  20  700  000,  of  which  about  10  000  000  arrived 
at  or  departed  from  Philadelphia.  About  15%  of  the  latter  might  be 
classed  as  suburban;  that  is,  comprised  within  a  radius  of  20  miles 
from  the  city.  At  the  present  time  294  passenger  trains  arrive  at  and 
depart  from  the  terminal  station  daily. 

The  project  involved  not  only  the  building  of  a  station,  but  the  con- 
struction of  lines  of  railroad  connecting  the  old  terminals  together. 
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The  existing  oonneotions  in  the  outskirts  of  the  city  made  it  possible 
to  do  this  by  bringing  together  two  roads,  the  main  line  of  the  Phila- 
delphia and  Reading  Railroad  on  Pennsylvania  Avenue,  with  its 
terminal  at  Broad  and  Oallowhill  Streets,  ami  tin-  Germantown  and 
Nbrristown  Railroad,  with  its  station  at  Ninth  and  Green  Streets. 
Prom  these  t\\«>  lines  the  ii«\s  terminal  railroad  was  built. 

The  Terminal  Railroad.-  The  lines  of  track  forming  the  Terminal 
Railroad  and  connecting  the  station  with  the  previously  exist  ing  road- 
consist  of  a  main  line  and  two  branches.  The  main  line  starts  out 
from  the  station  with  13  tracks  which  reduce  in  a  distance  of  350  ft.  to 
five.  It  then  continues  northward  to  Wood  Street,  a  distance  of  about 
1  650  ft.  from  the  end  of  the  train-shed,  where  the  five  tracks  separate 
into  two  branches  of  two  tracks  each.  One  of  these  branches  turns 
westward  and  at  a  further  distance  of  about  1  600  ft,  connects  with  the 
main  line  of  the  Philadelphia  and  Reading  Railroad  at  Broad  and 
Noble  Streets.  The  other  branch  takes  a  northeasterly  direction  and 
about  2  100  ft.  beyond  Wood  Street  joins  the  Germantown  and  Norris- 
town  branch  at  Ninth  and  Green  Streets. 

Active  measures  were  taken  in  the  spring  of  1888  to  commence  the 
work  on  the  Terminal  Railroad,  but  the  natural  conservatism  of  the 
Quaker  City,  combined  with  opposition  from  rival  railroad  interests, 
caused  a  long  delay,  and  it  was  not  until  December  26th,  1890,  that  a 
city  ordinance  was  secured  granting  municipal  consent  for  the  con- 
struction of  the  line.  The  first  contract  for  the  road  was  executed  on 
May  15th,  1891. 

The  whole  of  the  railroad  is  built  on  private  property  acquired  by 
the  company,  and  from  which  existing  buildings  had  to  be  removed.  In 
some  cases  annoying  delays  occurred  on  account  of  litigation  in  secur- 
ing the  ground.     Fig.  1  shows  a  general  map  of  the  road. 

The  mileage  of  the  road  is  as  follows : 

Miles  of  first  track 1 .317 

"         second  track 1.307 

third  track 0.467 

fourth  track 0.544 

"         yard  track  and  sidings 2 .998 

Total  mileage  operated  (all  tracks) 6 .  633 
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The  line  orosses  Arch  Street  i»\  b  plate  girder 
bridge  of  72  ft.  olear  span;  Lhenoe,  between  Arcli  and 
Oherry  Streets,  it  is  carried  by  ;i  wrought-iron  column 
and  plate  girder  construction   over  the  power-house 

of  the  station,  and  from  Cherry  to  Callowhil]  streets. 

about  1520  ft.  in   Length,  it  is  laid  on    a  solid  roadbed 

filled  in  behind  retaining  walls  of  stone  masonry. 

The  street  bridges  on  this  part  of  the  line  are 
brick  arches  with  stone-face  walls.  There  are  two 
bridges  of  50  ft.  clear  span  between  skew-backs,  two 
of  40  ft.,  two  of  30  ft.,  and  one  of  20  ft.,  making  a 
total  of  200  ft.  Fig.  2  shows  the  bridge  over  Race 
Street,  and  the  other  bridges  are  of  similar  construc- 
tion. Beyond  the  south  line  of  Callowhill  Street,  which 
is  about  250  ft.  north  of  the  point  of  separation  of 
the  branch  lines,  the  two  branches  are  carried  by 
wrought-iron  elevated  girder  construction,  the  branch 
to  Ninth  and  Green  Streets  being  of  the  type  shown 
by  Fig.  3,  with  wrought-iron  columns,  and  that  to 
Broad  and  Noble  Streets  having  stone  piers  for  most 
of  it,  although  a  small  portion  is  also  supported  by 
iron  columns. 

Spring  Garden  Street  is  crossed  by  a  skew,  pin- 
connected,  open  through  truss  bridge  of  about  126  ft. 
2£  ins.  clear  span.  The  other  street  bridges  are  plate 
girders. 

The  total  length  of  iron  elevated  structure  on  both 
branches,  including  the  bridges  over  streets,  is 
2  665-A    ft. 

This  work  was  designed  to  carry  two  loads,  one 
on  each  track,  trains  headed  in  the  same  direction  on 
adjacent  tracks,  as  follows: 

Two  typical  engines  coupled,  weighing  with  tender 
125  tons  each,  distributed  as  shown  in  the  diagi-am 
and  connected  with  a  train  weighing  4  000  lbs.  per 
lineal  foot  of  track.  The  specifications  were  in  ac- 
cordance with  the  standard  of  Messrs.  Wilson  Brothers 
&  Company,  of  date  April  11th,  1891. 
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The  various  contracts  made  for  the  station  are  given  as  follows,  and 

show  Hie  order  and  rate  of  progress  <>i'  the  work  : 


Foundation!  Of  train-shed 

structural  iron  work  of  train-shed  iroin  founda- 
tion masonry  np  to  and  including  track  floor... 

( tranite  work  of  train-shed 

Train-shed  roof 

Train-shed,  work  np  to  and  including  second  floor 

Train-shed,  structural  iron  work  between  north 
line  of  Filbert  Street  and  north  line  of  head- 
house- 

Work  between  Arch  and  Cherry  Streets,  iron  work. 

Floors  and  paving,  granolithic  cuib 

Granite  work  of  head-house 

Completion  of  train-shed  and  market-house 

Iron  work  for  stalls  and  market-house 

Portion  between  Arch  and  Cherry  Streets 

Wood  work  for  stalls  in  market-house 

Work  in  head-house  up  to  second-floor  level 

Boilers 

Elevators 

Terra  cotta  work 

Marble  work  for  fish  stands 

Face   brick 

Sheet  metal  work,  copper  cornice,  etc 

Refrigerating  and  cold  storage  plant 

Completion  of  head-house 

Arc  electric  lighting 

Burglar-proof  vault 

Floors  in  restaurant,  kitchen,  express   office  and 

driveway 

Heating  head-house,  etc 

Temporary  waiting-rooms 

Ventilating  plant,  for  head-house 

Water  supply  and  drainage,  furniture  fittings  of 
restauraut-kitchen,  bakery,  etc 

Wiring  powrer-house  for  incandescent  electric 
lighting 

Track  signs 

Gate  signs 

Three  Westinghouse  automatic  compound  en- 
gines lor  power-house 

Cold  storage-rooms 

Direct  current  incandescent  electric  lighting 

Wire  screens  and  guards  for  floor  lights,  etc 

Overhead  tracking,  switches,  etc.,  in  exterior  cor- 
ridors and  elevators  in  cold  storage  vaults  of 
terminal  market,  etc 

Tunnel  enclosures,  wood  and  glass  partitions, 
iron  steps  and  floors,  coal-bin  doors  and  brass 
railings,  etc.,  in  power-house  and  cold  storage 
van  Its I 


Contractor. 


(  harles  tfoCaul 

A.  k  P.  Roberts  &  Co 

I  lharli  b  M'-Caul 

I  'in  i  n  i  x  Bridge  Co 

Charles  McCaul 

A.  &  P.  Roberts  k  Co 

Cofrode  &  Say  lor 

Vulcanite  Paving  Co 

Charles  McCaul 

Wharton     Railroad    Switch 

Co 

Charles  McCaul 

Edge  Moor  Iron  Co 

Stokes    &  Parrish   Elevator 

Co 

Perth    Amboy    Terra  Cotta 

Co 

Atkinson  k  Myhlertz 

Perth  Amboy    Terra    Cotta 

Co 

J.  S.  Thorn 

Pennsylvania  Iron WorksCo. 

Charles  McCaul 

Western  Electric  Co  

Damon  Sate  and  Iron  Works 

Co 

Vulcanite  Paving  Co 

Onderdonk     Heating      and 

Ventilating   Co 

Charles  McCaul 

Onderdonk     Heating     and 

Ventilating  Co 

Charles  McCaul 

M.  R.  Muckle,  Jr.,  &  Co.... 

D.  A.  Woelpper  k  Co  

Albanus  L.  Smith  &  Co 

M.  R.  Muckle,  Jr.,  &  Co 

Pennsylvania    Iron     Works 

Co 

M.  R.  Muckle,  Jr.,  k  Co.... 
De Witt  Wire  Cloth  Co 

J.  W.  Moyer 

Charles  McCaul 


Date. 


July 

9, 

1891 

Aug. 
Bept. 
Oct 

Oct. 

17, 
5, 

12, 

20, 

1891 

1891 

1801 

Dec. 
Dec. 
Dec. 
Jan. 
Feb. 

29, 
29, 
29, 
28, 
2, 

1891 
1891 
1891 
1892 
1892 

Mar. 
Mar. 
Mar. 
Mar. 
Apr. 

2, 
18, 

25, 
30, 
20, 

1892 
1892 
1892 
1892 
1892 

Apr. 

21, 

1892 

Apr. 
Apr. 

25, 

28, 

1892 
1892 

June 
July 
July 
Aug. 

Nov. 

30, 
18, 
30. 
19, 

4, 

1892 
1892 
1892 
1892 
1892 

Sept. 

1, 

1892 

Nov. 

9, 

1892 

Nov. 
Jan. 

12, 

3, 

1892 
1893 

Jan. 

31, 

1893 

Feb. 

1, 

1893 

Feb. 
Feb. 
Feb. 

7, 
8, 
8, 

1893 
1893 
1893 

Jan. 

31, 

1893 

Apr. 
June 
July 

13, 

5, 

12, 

1893 
1893 
1893 

July    15.  1893 


July     20,  1893 


In  describing  the  station  building  the  various  portions  of  it  are  con- 
sidered separately  in  detail,  arranged  in  such  order  as  has  seemed  most 
desirable. 
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Fig.  4. 
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The  only  steel  used  in  the  elevated  railroad  work  was  In  the  Lower 
chord  Links  of  the  Spring  Garden  Btreel  Bridge  mil  in  the  corrugated 
floor  over  the  power-house.  Acid  open-hearth  steel  was  allowed, 
haying  an  ultimate  strength  of  62  <><>!>  to  68  <>!»(»  Lbs.  per  square  inch, 

an  elastic  Limit  Of  one-half  the   ultimate,  and    a   minimum   stretch  in  B 

Length  of  8  ins.  of  20  per  cent. 

A  60-ft.  tnm-table  is  placed  on  the  terminal  line  about  1  00O  ft. 
north  of  Cherry  Street  and  two  tables  of  the  same  size  at  Ninth  and 
(  treen  Streets,  where  are  also  located  three  brick  engine-houses,  cover- 
ing a  combined  area  of  about  46  000  sq.  ft.,  capable  of  housing  I1* 
engines  and  also  providing  a  small  repair  shop. 

There  is  also  at  this  point  a  locomotive  supply  station,  designed 
and  built  by  the  C.  W.  Hunt  Company,  of  New  York,  in  which  four 
locomotives  can  simultaneously  take  coal,  sand  and  water,  and  dump 
ashes.  All  solid  material  is  handled  by  the  Hunt  conveyor.  Coal  and 
sand  are  thrown  into  jackets  below  the  tracks  from  drop-bottom  cars. 
and  are  then  conveyed  for  a  vertical  height  of  69  ft.  to  storage  bins, 
from  which  they  are  drawn  for  supply.  Locomotives  discharge  their 
ashes  also  into  receptacles  below,  and  the  conveyor  carries  them  to 
a  bin  in  the  upper  part  of  the  house,  from  which  they  may  be  filled 
into  cars  for  removal.  The  capacity  of  the  conveyor  is  such  that 
coal  may  be  stored  at  60  tons,  sand  at  80  tons,  and  ashes  at  40  tons 
per  hour. 

The  terminal  work  also  comprised  an  elevated  station  at  Spring 
Garden  Street,  shown  on  Fig.  1,  to  serve  the  local  traffic  formerly 
accommodated  by  the  old  station  at  Ninth  and  Green  Streets. 

The  site  selected  for  the  terminal  station  was  on  the  northeast 
corner  of  Market  and  12th  Streets,  with  a  frontage  on  the  south  on 
Market  Street  of  266  ft.  10|  ins.,  and  on  the  west  extending  back  on 
12th  Street  662  ft.  11 1  ins.  to  Arch  Street,  the  north  front  on  the  latter 
street  being  276  ft.  7*  ins.  The  width  of  Market  Street  is  100  ft,,  that 
of  12th  Street  50  ft.,  and  Arch  Street  72  ft.  The  property  was  inter- 
sected by  two  cross  streets  parallel  to  Market  Street,  Filbert  Street  51 
ft.  wide  and  307  ft.  1|  ins.  north  of  Market  Street,  and  Cuthbert  Street 
30  ft,  wide  and  136  ft,  4f  ins.  north  of  Filbert  Street.  Cuthbert 
Street  was  abandoned  and  closed,  but  it  was  found  necessary  to  retain 
Filbert  Street.  The  property  was  also  accessible  by  another  street, 
Hunter  Street,  30  ft.  wide,  extending  on  the  east  side  from  11th  Street 
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.it  b  poinl  lsl  ft.  |  in.  aorthof  G£arke1  Street, bu1  n<>t  passing  through 
it.  The  curb  elevations  on  the  street,  referred  t<>  eitv  datum,4  varj 
from  :  :'>i').  it;  tn  38.09  and  the  elevation  lor  the  t«.|»  <»f  rail  in  the 
station  wras  fixed  at  ■  62.416,  with  Level  branches  entering  the  station 
From  the  north  and  crossing  Arch  street  by  a  bridge.  These  funda- 
mental data  determined  the  arrangement  of  the  station  and  fixed  the 
location  of  the  head-house,  facing  on  Market  Street  and  extending 
back  only  so  far  as  necessary  to  provide  the  requisite  accommodation 
for  waiting-rooms,  offices,  etc..  as  much  space  as  possible  being  allowed 
between  it  and  Arch  Street  for  the  train-shed,  with  a  passenger 
corridor  between  it  and  the  head-house. 

The  elevation  of  the  railway  tracks  being  about  25  ft.  above  the 
street  grades,  required  the  principal  floor  of  the  station  to  be  placed  in 
the  second  story  of  the  head-house,  the  first  or  ground  floor  being  avail- 
able for  entrance,  waiting-rooms,  ticket  offices,  baggage-rooms,  etc.  It 
having  been  decided  to  establish  the  general  offices  of  the  company  at 
the  station,  certain  portions  of  the  first  floor,  not  otherwise  required, 
and  all  of  the  floors  above  the  second  story,  could  be  appropriated  for  this 
purpose.  It  is  evident  that  there  still  remained  unappropriated  a  vast 
extent  of  valuable  space  on  the  ground  floor  under  the  train-shed, 
and  the  fact  that  the  property  between  Market  and  Filbert  Streets  was 
occupied  by  two  important  market  houses,  controlling  an  excellent  and 
well-established  business,  which  w-ere  to  be  demolished  for  the  erection 
of  the  station,  suggested  the  idea  of  constructing  a  new  market  house 
on  the  ground  floor  under  the  train-shed  and  of  transferring  the  valu- 
able business  of  the  old  markets  to  it.  It  was  also  decided  that  cellars 
could  be  built  under  the  market  for  cold  storage,  and  that  such  an 
arrangement  would  possess  particular  advantage  in  allowing  a  ready 
application  of  refrigeration  for  the  preservation  of  market  supplies, 
thereby  dispensing  with  the  use  of  ice. 

A  large  space  under  the  entrance  tracks  on  the  north  side  of  Arch 
Street,  having  a  frontage  of  149  ft.  2f  ins.  and  extending  back  285  ft. 
7±  ins.  to  Cherry  Street,  was  found  available  for  the  operating  plant 
of  the  terminal.  By  the  continuation  of  Hunter  Street  through  the 
station  as  a  private  way,  a  space  wras  secured  for  the  delivery  of  bag- 
gage and  for  use  as  a  cab-stand.      These  are  the  principal  features 

*  City  datum  ia  8.732  ft.  above  the  level  of  the  Atlantic  Ocean  at  Raritan  Bay  and  2.24  ft. 
above  mean  high  tide  at  Philadelphia. 
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DETAILS  AT  CROWN 




I  Side  truss  .carries  1'qirer  cast 


3  Ls  5  x  3J$  i  5/ie'  )  In  addition  to  being 
2  Ls  5  x  3  x  ¥l6"  L lower  flanSe  acts 
Web.Plate  20  x  %\  as  a  horizontal  plate 
'  girder  to  take  wind 


9  Rollers,  2}/"  Diameter 
.  „        12th  St.  end  of  Truss 
5  o  C.  to  C. 


EXTERIOR  ELEVATION 


(Cover  Plate  14  x^fe" 
Upper  Chord  J  Web  Plate  12  x  *  • 


SIDE  ELEVATION 

DETAILS  AT  FOOT  OF  MAIN  TRUSS 
Fig.  6. 


2Ls6x3£x  Jig- 

Slotted  holes  in  plate 
at  expansion  ends 


Uwer  Chord Jf^Ji^V  SECTION 


ELEVATION 

CONNECTION  OF  PURLIN   WITH    MAIN  TRU 
Fig.  7. 
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which  governed  the  arrangement  ol  the  plans  for  the  station.  Pos- 
BessioD  was  obtained  of  thai  portion  <»t'  the  property  between  Filberl 
and  Arch  Streets  in  advance  of  thai  south  of  l-ilbert  Street,  and  the 
necessity  of  pushing  the  work  to  completion  as  rapidly  as  possible, 

ether  with  the  great  advantage  that  would  accrue  from  having 
the  new  market  honse  built  before  the  "hi  our  was  demolished, 
derided  that  the  work  on  the  station  should  be  executed  by  successive 
steps  iu  a  series  of  contracts,  beginning  at  Arch  Street  and  working 
south,  the  head-house  being  the  last  portion  of  the  structure  com- 
pleted. 

The  various  complications  arising  from  these  circumstances  and 
also  incident  to  the  construction  of  a  railroad  through  a  solidly  built- 
up  city  made  the  time  required  for  the  entire  work  longer  than  it 
would  have  been  had  the  ground  been  cleared  in  advance.  The  work 
was,  however,  successfully  carried  out  in  accordance  with  the  pro- 
gramme adopted,  the  new  market  house  was  built,  the  tracks  for  the 
train-shed  laid  and  a  water-proof  floor  put  down;  the  occupants  of  the 
old  markets  were  transferred  without  interruption  to  business,  and 
the  construction  of  the  head-house  proceeded  with  on  the  old  site. 
The  tracks  and  train-shed  were  opened  for  travel  (using  temporary 
passenger  rooms)  on  January  29th,  1893,  and  the  permanent  passenger 
rooms  in  the  head-house  were  completed  and  put  into  use  on  October 
16th  of  the  same  year. 

The  Head- House. — A  number  of  preliminary  sketches  and  designs 
were  prepared  by  the  engineers  and  architects,  Messrs.  Wilson  Bro- 
thers &  Co.,  and  after  their  careful  consideration  it  was  decided  to  adopt 
the  Italian  renaissance  as  the  type  of  architecture  for  the  structure. 
In  reaching  this  decision,  the  president  of  the  company  availed  him- 
self of  the  services  of  Mr.  Francis  H.  Kimball,  of  New  York  (who  was  at 
that  time  doing  certain  work  for  the  Philadelphia  and  Reading  Railroad 
Company),  as  a  "  consulting  architect  on  the  exterior  ornamentation." 
Mr.  Kimball  also  made  some  preliminary  sketches  and  drawings  for 
the  exterior  treatment,  acting  in  unison  with  Messrs.  Wilson  Bx  hers 
&  Co.  in  this  matter,  and  the  final  design  for  the  exterior  of  the  head- 
house  as  prepared  by  that  firm  and  adopted  was  the  resultant  of  such 
consultation  and  Mr.  Kimball's  suggestions.  All  of  the  general  draw- 
ings and  the  scale  details  of  the  ornamentation  were  prepared  by 
Messrs.   Wilson  Brothers  &  Co. ;  the  full-size  drawings  of  the  terra 
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cotta  details  and  the  inspection  ef  tin-  terra  cotta  at  Perth  Amboy 
were  done  by  Mr.  Kimball. 

The  face  of  the  head-honse is  set  back  6  it.  »'.;  ins.  bom  the  build- 
ing line  of  Market  Street,  so  as  to  increase  the  width  of  the  pavement 

in  front,  and  the  depth  of  the  structure  on  Twelfth  Street   is    100  It.  6 
ins.     On  the  first  floor,  back  of  the  head-house  proper,  are  thebaggs 
rooms,  which  occupy  an  additional  depth  of  73  ft.  11.    ins.,  and  c 
the  space  all  the  way  to  an   open   passage  through   the  station   from 
Hunter  Street  to  Twelfth  Street,  intended  for  cab  service  and  ace — to 
baggage-rooms  by  wagons. 

In  designing  a  building  of  this  kind  and  extent,  the  proper  mode 
of  procedure  is  first  to  determine  a  certain  unit  of  square  or  rectangle 
by  which  the  ground  plan  can  be  divided  up  into  a  number  of  parts, 
and  to  the  intersecting  or  division  lines  of  which  the  columns,  walls, 
partitions,  etc.,  may  be  made  to  conform,  although  it  is  possible  that 
in  special  cases  some  variation  from  these  lines  may  be  necessary.  In 
the  present  case  the  key  to  the  arrangement  of  plans  is  a  unit  rectangle 
of  16  ft.  north  and  south  by  20  ft.  east  and  west  as  may  be  seen  by 
reference  to  the  drawings. 

The  building  consists  of  a  cellar,  basement,  and  practically  eight 
stories,  the  second  and  third  stories  being  merged  into  one  high  story 
in  that  portion  of  the  second  floor  occupied  by  waiting-rooms.  The 
central  portion  of  the  first  story  is  appropriated  to  passenger  entrances, 
ticket  offices  and  waiting-rooms,  while  the  east  and  west  portions 
are  used  for  offices;  and  as  these  parts  do  not  require  as  high  ceilings 
as  the  waiting-rooms,  the  floors  are  raised,  allowing  basements  to 
placed  under  them. 

The  elevation  of  first  floor  in  central  portion  is —  39.75 

"  "  at  east  and  west  ends  is -+-  41 

"  "        basement  floor  is -f-  32.5 

cellar  is  constructed  under  the  whole  of  the  head-house,  the  ele- 
vation of  the  floor  being  —22.5,  thus  giving  under  the  central  part  of 
the  building  a  height  of  17  ft.  3  ins.  from  floor  to  floor,  and  10  ft.  under 
the  basement  ends. 

The  heights  of  the  several  stories  of  the  building,  measured  from 
floor  to  floor,  are  as  follow- : 
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Feet.  foch(  I. 

Cellar  to  basement 10  (| 

'•  first  floor  where  no  basemenl  exists 17 

Basemenl  to  first  floor  over  basement 11  «'• 

Pirsl  floor  to  second  floor  where  no  basement  exists .  ~:',  8 

First  floor  to  second  Hoop  where  basements  exisl  .   .  L9  o 

Second  floor  to  entresol  (or  half-story)   10  () 

Entresol  to  third  floor 16  0 

Second  floor  to  third  floor,  where  no  entresol    exists.  35  <» 

Third  to  fourth  floors 16  0 

Fourth  to  fifth         "     13  6 

Fifth  to  sixth            "     13  6 

Sixth  to  seventh      "     13  6 

Seventh  to  attic       "      13  6 

Attic  floor  to  apex  of  roof  14  0J 

Total  height,  cellar  floor  to  apex  of  roof 169      6£ 

The  exterior  faces  of  the  building  on  the  street  fronts  are  con- 
structed of  pink  eastern  granite  for  the  height  of  the  basement  and 
first  story,  and  above  that  of  pink  brick  and  cream-white  terra  cotta. 
For  facing  the  rear  elevation  and  the  light  well,  a  pale  red  brick, 
known  as  telephone  brick,  is  used.  The  upper  part  of  the  cornice  of 
the  building  is  of  copper. 

The  construction  of  the  head-house,  from  the  foundation  up  to  and 
including  the  second  floor,  is  fireproof,  having  wrought  and  cast-iron 
columns,  wrought-iron  or  steel  beams,  and  brick  floors.  For  a  por- 
tion of  the  work  Gustavino  flooring  is  used.  Above  the  second  floor 
a  slow-burning  construction  has  been  adopted,  consisting  of  iron  or 
steel  columns  and  beams,  with  heavy  plank  floors;  the  columns, 
beams  and  undersides  of  floors  being  protected  with  mackite  plaster- 
boards  on  which  the  finishing  plaster  is  laid.  The  partitions  are  also, 
constructed  of  solid  mackite,  6  ins.  in  thickness,  a  material  that,  while 
very  light  in  weight,  is,  from  its  composition,  principally  plaster  of 
paris,  asbestos  fiber,  and  encased  reeds,  unexceJled  in  its  fire-resist- 
ing joroperties.  The  roof  is  of  the  same  general  construction  as  the 
upper  floors  of  the  building,  and  is  covered  with  tin. 

While  wrought-iron  columns  are  used  to  support  the  main  girders 
which  span  the  waiting-rooms,  yet  the  construction  of  the  exterior 
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walls  of  the  building  is  not  based  on  a  Bkeleton  iron  or  sfa  m  of 

building,  and  columns  are  not  used  in  these  walls  except  for  the  sup- 
port of  the  special  main  girders  above  mentioned.     The  thicknee 
exterior  wall  on  Twelfth  Street,  which  represents   an  average  for  the 

building,  is  as  follow-: 

Feet.  Inch->. 

Concrete  foundation .    16 

Base  of  masonry  resting  on  concrete 14 

First  story ~>  6 

Second  story  to  third  floor •" 

Third  and  fourth  stories 4 

Fifth  and  sixth  stories 3  6 

Seventh  story  and  attic 3 

It  must  be  observed  that  the  walls  are  merely  a  series  of  piers,  the 
windows  being  deeply  recessed  for  architectural  effect,  and  the  cur- 
tains under  the  windows  very  much  reduced.  This  accounts  for  what 
might  otherwise  apj^ear  to  be  an  excessive  thickness. 

Cellar. — The  cellar  provides  ample  room  for  all  of  the  operating 
machinery  needed  in  this  part  of  the  building,  and  a  main  tunnel, 
running  north  to  the  cold  storage  cellar,  and  from  that  continuing 
under  Arch  Street,  connects  it  with  the  power  plant  which  is  placed 
on  the  property  north  of  that  street  (see  Plate  Ii.  This  tunnel  has  a 
clear  cross-section  of  11  ft.  width  by  11  ft.  height  to  crown  of  arch,  as 
far  as  Hunter  Street,  and  6  ft.  2  ins.  width  by  7  ft.  1  in.  height  beyond 
that  point  to  the  cellar  of  the  market  house,  which  it  enters  with  its 
bottom  2  ft.  below  the  cellar  floor.  There  is  no  basement  or  cellar 
under  the  baggage-rooms,  but  cross-tunnels  4  ft.  wide  by  6  ft.  clear 
height  run  from  the  main  tunnel  to  the  locations  of  the  elevators  in 
these  rooms.     The  cellars  have  cement  flooi ■- 

Basements. — The  basements  under  the  east  and  west  ends  of  the 
building  are  each  divided  into  three  rooms,  with  entrances  from  the 
street  by  steps  down  from  the  pavement,  so  that  they  may  be  rented 
-  -tores.  The  rooms  average  750  to  1  000  sq.  ft.  of  floor  surface  each, 
and  they  have  wooden  floors.  Convenient  lavatory  and  sanitary 
arrangements  are  provided. 

First  Floor. — There  are  two  entrances  on  the  first  floor  communi- 
cating with  the  office  floors  in  the  upper  part  of  the  building,  one  on 
Market  Street  and  one  on  Twelfth  Street,  each  provided  with  a  stair- 
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way  and  fcwo  elevators.     The  main  passenger  entrance  Is  in  fche  center 
of  the  Market  Street  front,  and  exits  from  the  Beeond   floor  pa 

con-i.lor  are  provided  by  Btairwaya  on  Market  and  Twelfth  Streets. 

The  central  pari  of  this  floor  is  occnpied  by  the  waiting-room, 
ticket  office,  sub-post  office,  Pullman  and  telegraph  offices;  the  western 
part,  at  fche  corner  of  Twelfth  and  Market  Streets,  by  fche  Treasurer's 
office,  and  fche  eastern  portion,  fronting  on  Market  Street,  by  the  Coal 
and  Iron  Department,  back  of  which  are  the  ticket  storage-rooms. 
To  the  rear  of  the  building  are  the  baggage-rooms  with  a  corridor  20 
ft.  in  width  between  them,  running  from  the  waiting-room  to  the 
Hunter  Street  extension  cab-stand.  On  each  side  of  this  corridor  are 
arranged  a  series  of  offices,  cut  off*  from  the  baggage-rooms  and  averag- 
ing 240  to  -400  sq.  ft.  of  floor  area  each,  those  on  the  right  being  in- 
tended for  the  medical,  missing  freight  and  baggage  departments, 
while  those  on  the  left  are  for  the  company's  mail  and  advertisement 
inspectors  (see  Plate  II). 

Two  large  passenger  elevators  and  a  stairway  communicate  from  the 
first  to  second  story  waiting-rooms,  and  each  baggage-room  has  two 
elevators  of  sufficient  size  to  carry  baggage  trucks  to  the  train-shed 
floor.  The  Treasurer's  office,  the  ticket  office  and  the  Coal  and  Iron 
Department  each  have  ample  fire  and  burglar-proof  vaults.  The  sub- 
post  office  has  a  mail  chute  from  the  second  floor  so  as  to  afford  facil- 
ities to  passengers  for  mailing  letters.  The  floors  of  the  main  waiting- 
room  and  baggage-rooms  are  of  cement,  and  all  the  other  rooms,  used 
as  offices,  have  wooden  floors.  At  the  east  end  of  the  building  is  a 
ventilation  and  light  area  45  by  12  ft.,  and  a  shaft  about  7  ft.  6  ins.  by 
10  ft.  8|  ins.  for  carrying  supply  pipes,  steam  pipes,  etc.,  to  the  top  of 
the  building. 

The  floor  areas  of  the  various  rooms  in  this  story  are  approximately 
as  follows: 

Square  feet. 

Passenger   waiting-room 5  055 

Ticket  office,  exclusive  of  vaults 1  39  L 

Sub-post  office 1  116 

Coal  and  Iron  Department,  exclusive  of  vaults ....  2  830 
Ticket    storage-room,   together  with  floor   in   half 

story  above 2  442 

Treasury  office,  exclusive  of  vaults 4  791 

Incoming  baggage-room  (western  room)    7  094 

Outgoing  baggage-room  (eastern  room) 6  308 
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md  Floor. — On  the  second  floor  will  be  found  a  large  general 
waiting-room  occupying  the  central  part  of  the  building  with  a  1<  . 
opening  out  from  it   and  overlooking  Market  Street    Bee  Fig.  4        0 
the  east  of  this  room,  fronting  on  Market  Street,  i>  the  ladies'  room 
with  adjuncts,  and  on  the  west  is  a  large  dining-room,  to  the  rear  of 
which  is  a  restaurant.     Back  of  the  ladies'  room  and  accessible  from 
the  general  waiting-room  is  the  news-room,  and  still  further  back  are 
the  gentlemen's  smoking-room  and  lavatories  opening  on  to   the 
senger  corridor.     Access  is  gained  by  a  special  stairway  to  a  barber 
shop  in  a  half-story  over  the  lavatoi:   - 

The  floor  areas  covered  by  the  several  rooms  on  this  floor  arc  : 

Square  :     I 

General  waiting-room 7  857 

Ladies'               "            2  552 

Ladies*  toilet-room,  etc 58E 

Xe ws-room ... 

Gentlemen's  smoking-room 493 

Gentlemen's  lavatories,  etc 555 

Dining-room 3  57 

Restaurant 2  67 

Serving-room 287 

The  floors  are  of  marble,  except  that  for  the  central  portion  of  the 
ladies'  waiting-room  a  parquet  floor  is  used.  Dumb-waiters  connect 
the  serving-room  with  the  kitchen  department  in  the  top  story  of  the 
building.  The  open  porch  or  loggia  is  a  delightful  feature  of  the  gen- 
eral waiting-room,  extending  on  the  Market  Street  front  for  the  whole 
length  of  the  room  and  affording  an  opportunity  for  those  necessarily 
detained  at  the  station  waiting  for  trains  to  pass  the  time  pleasantly 
in  observing  the  life  and  activity  in  the  street. 

The  Entresol. — East  and  west  of  the  main  waiting-room  and  between 
the  second  and  third  floor  is  placed  a  half-story  which  is  divided  into 
office  rooms  for  the  operating  department  of  the  terminal,  a  communi- 
cation being  made  between  the  two  portions  by  means  of  a  gallery  in 
the  main  waiting-room. 

Upper  Floors. — The  upper  floors  of  the  building  are  used  for  the 
general  offices  of  the  Philadelphia  and  Beading  Railroad  Company,  the 
President's  suite  being  placed  on  ihe  third  floor  in  the  southwestern 
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part,  and  having  a  pleasant  feature  in  a  circular  oriel  window  In  the 
recess  at  the  street  corner.  Contiguous  are  the  rooms  for  the  Board, 
Secretary,  etc.  The  corridors  or  hallways  on  these  floors  are  very 
spacious,  being  L6  ft.  in  width,  and  the  rooms  generally  have  aboul  20 
by  80  ft.  floor  area,  although  in  some  cases  ;i  number  of  rooms  are 
thrown  together  and  in  others  they  are  divided  ap  Into  smaller  sis 
depending  upon  the  uses  to  which  they  are  appropriated.  The  con- 
struction of  the  building  is  such  thai  partitions  can  be  placed  to  Buil 
the  wants  of  the  occupants,  wherever  needed.  The  upper  portions  of 
all  partitions  on  the  corridors  arc  formed  of  glazed  sash  so  as  to  furnish 
ample  light  to  the  corridors. 

The  kitchen  department  for  the  dining-room  and  restaurant  is 
placed  in  the  attic  and  includes  a  general  store-room,  pantry,  refrig- 
erator, dish-room  and  serving-room.  The  tanks  for  the  storage  of  the 
water  supply  for  the  building  are  also  placed  on  this  floor.  Of  these 
there  are  eight;  six  of  them  are  each  11  ft.  wide,  18  ft.  long  and  3£ 
ft.  deep,  and  two,  8  ft.  wide,  18  ft.  long  and  3£  ft.  deep,  the  total 
capacity  at  2£  ft.  depth  of  water  being  about  27  600  galls.  Five  of 
these  tanks  are  for  rain  water  collected  from  the  roof,  and  three  for 
filtered  water.  They  are  connected  by  a  system  of  main  and  distribut- 
ing pipes  so  that  they  can  be  used  in  unison,  separately,  or  cut  off,  as 
may  be  desired.  Photographic  rooms  are  provided  in  the  attic  with 
roof  skylight  and  ample  facilities  for  blue-print  copying,  with  eight 
printing  frames  each  48  by  60  ins.  Large  fire-proof  vaults  are  provided 
on  each  floor,  built  up  with  brick  from  the  foundations. 

Passenger  Lobby. — On  the  second  floor  between  the  head-house  and 
the  train-shed  is  the  great  passenger  corridor  or  lobby,  50  ft.  wide  and 
extending  in  length  for  the  whole  width  of  the  station.  At  the  east 
end  of  this  lobby  will  be  found  the  office  of  the  station-master  and  a 
small  room  for  the  postal  clerk.  Near  the  west  end  a  wide  exit  stair- 
way descends  to  Twelfth  Street,  and  close  by  is  another  to  Market 
Street.  The  floor  of  the  lobby  is  of  cement.  Four  large  floor 
lights,  each  of  20  by  32  ft.  area,  light  the  baggage-rooms  in  the  story 
below. 

The  Train-Shed. — Beyond  the  passenger  lobby  is  the  train-shed,  with 
its  great  three-centered,  pointed  arch  roof  in  a  single  span  for  the  whole 
width  of  the  tracks,  and  hinged  at  the  crown  and  springing  line  (see 
Fig.  5).     The  dimensions  of  this  arch  are  as  follows  : 
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Iiirhes. 

Span,  center  to  center  of  pins  at  springing 259 

Height  between  centers  of  pins  at  crown  and  spring- 
ing   88 

Total  span  out  to  out  of  building  line 266  6 

Height  from  center  of  pin  at  springing  to  starting 

jxunt  of  outer  curve  at  eaves 33  4\ 

Depth  of  arch  rib  at  crown 6  0 

Pin  at  crown  is  placed  in  center  of  depth  of  arch 

rib 

Depth  of  arch  rib  at  haunch 12  4  J 

Depth  of  arch  rib  at  springing 4  0 

Center  of  pin  at  crown  to  top  of  ventilator 14  0 

Height  from  pavement  to  center  of  pin  at  spring- 
ing    20  6 

Extreme  height  from  pavement 122  9  fg 

Length  of  train-shed,  center  to  center  of  end  trusses  501  8 

Width  of  lobby 50  0 

Total  length,    including   head-house    measured    to 

building  lines . . : 662  llf 

Diameter  of  pin  at  crown  of  arch 5 

Diameter  of  pins  at  base 5^ 

The  exterior  curve  of  each  semi-arch  has  a  radius  of  120  ft.  for  an 
angular  distance  of  41^°  from  the  horizontal,  and  thence  a  radius  of 
310  ft.  to  the  crown,  while  the  interior  curve  has  a  radius  of  50  ft.  for 
an  angular  distance  of  39i°  from  the  horizontal;  thence  a  radius  of  85 
ft.  for  a  further  angular  distance  of  22°,  and  thence  a  radius  of  280  ft. 
to  the  crown.  The  arch  is  therefore  a  compound  curve,  four-centered 
for  the  outer  flange  member  and  six-centered  for  the  inner  flange.  Its 
form  and  iDroportions  were  designed  with  great  care,  so  as  to  produce 
what  was  judged  to  give  in  its  outlines  the  best  artistic  and  architect- 
ural effects,  and  at  the  same  time  agree  with  the  requirements  of  eco- 
nomical construction. 

To  the  architectural  engineer  the  roof  is  always  an  interesting  study, 
and  when  roofs  of  large  span  are  to  be  considered,  the  interest  propor- 
tionately increases.  It  is  not  merely  that  the  space  is  to  be  covered  with 
a  substantial  roof,  but  the  architectural  question  of  an  artistic  design 
in  harmony  with  the  other  parts  of  the  building  is  of  first  importance. 
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A.  handsome  roof  is  the  reflnemenl  of  engineering  construction.  The 
author,  some  years  ago,  designed  a  number  of  three-hinged  arched 
roofs  of  the  same  general  type  with  pointed  aroh,  as  in  this  roof,  for 
the  Pennsy  Lvania  Railroad  Company,  one  for  the  Pittsburgh  passenger 
station  in   L867  of  L58-ft.  span,  one  for  Washington  in   L872  of  110-ft. 

span,  and    one   for  Jersey  City,  also   in    L872,    of  220-ft.  span,  hut    they 

were  not  adopted  and  erected  on  account  of  the  supposed  unwarranted 
expense.  Now  it  has  conic  to  be  recognized  that  this  is  the  proper  form 
of  roof  for  a  Large  railway  station,  reducing  to  a  minimum  the  destruct- 
ive action  to  the  iron  or  steel  construction  from  the  sulphurous  sapors 
emitted  by  the  locomotives,  and  adding  essentially  to  the  comfort  and 
satisfaction  of  travelers  by  increased  yeutilation  and  improved  aesthetic 
effect. 

In  designing  such  a  roof  it  is  an  object  to  mass  the  material  together 
as  much  as  possible,  avoiding  a  great  number  of  small  pieces  and  leav- 
ing wide  open  spaces;    also  to  provide  ample  light  and  ventilation. 

It  will  be  noticed  that  the  arches  are  arranged  in  pairs,  placed  50 
ft.  2  ins.  apart,  center  to  center,  those  of  each  pair  being  5  ft.  apart  to 
centers.  The  spacing  brought  two  pairs  of  arches  over  Filbert  Street, 
this  street  being  51  ft.  wide,  and  the  center  line  of  each  pair  is  5  ins. 
beyond  the  house  line  of  the  street  and  the  end  of  the  wall.  The 
weights  from  these  arches  are  carried  by  wrought-iron  girders  acting 
as  cantilevers  with  projecting  stone  brackets  below. 

The  assumed  loading  for  computations  was  taken  as  follows : 

Pouuds  per 
square  foot. 

Weight  of  trusses,  purlins  and  jack  rafters   25 

' '  covering 8 

' '  snow 12 

Total 45 

Wind  pressure  was  assumed  at  35  lbs.  per  square  foot  against  a 
vertical  surface,  the  pressure  normal  to  the  roof  surface  being,  for  the 
first  three  panels  covering  an  angle  of  41°  from  the  horizontal,  30  lbs. 
per  square  foot;  for  the  next  six  panels  comprising  an  angle  of  22  . 
20  lbs.  per  square  foot;  and  for  the  remaining  nine  and  a  half  panels 
of  17^,  15  lbs.  per  square  foot. 

The  roof  was  calculated  for: 
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First.  —  Snow  on  one  side  and  dead  load. 

Second. — Snow  on  both  sides  and  dead  load. 

Third. — Wind  on  one  side  and  dead  load. 

Fourth. — Snow  and  wind  on  one  side;  snow  on  the  other  side  and 
dead  load. 

Calculation  was  made  for  the  main  tie  rod  with  wind  alone  on  the 
roof,  to  ascertain  if  it  would  always  remain  in  tension. 

The  roof  is  constructed  of  wrought  iron,  under  detailed  specifica- 
tions of  the  engineers  and  architects,  all  that  used  in  the  tensile  mem- 
bers of  open  trusses,  laterals,  pins,  bolts,  etc.,  being  required  to  be 
double  rolled  after  and  directly  from  the  muck  bar  (no  scrap  allowed), 
and  capable  of  sustaining  an  ultimate  stress  of  52  000  lbs.  per  square 
inch  on  a  full  section  of  test  piece,  with  an  elastic  limit  of  26  000  lbs. 
per  square  inch  and  a  minimum  stretch  of  20%,  measured  after  break- 
ing in  a  length  of  8  ins.  All  other  wrought  iron  was  required  to  be 
tough,  fibrous,  uniform  in  quality  throughout,  free  from  flaws,  blisters 
and  injurious  cracks,  and  with  a  workmanlike  finish,  capable  of 
sustaining  an  ultimate  stress  of  48  000  lbs.  (excepting  for  plates  over  24 
ins.  in  width,  where  the  requirement  was  4G  000  lbs. )  per  square  inch 
on  a  full  section  of  test  piece,  with  an  elastic  limit  of  26  000  lbs.  per 
square  inch  and  a  minimum  stretch  for  that  used  in  tension  or  trans- 
verse stress  (except  web  plates)  of  15  per  cent.  For  that  used  in 
compression  and  for  web  plates  not  exceeding  24  ins.  the  minimum 
stretch  was  fixed  at  10%,  and  for  web  plates  over  24  ins.  at  5  per  cent. 

The  working  stresses  were  taken  as  follows:  Tension,  14  000  lbs. 
per  square  inch;  compression,  12  000  lbs.  per  square  inch,  with  a 
deduction  for  column  length.  The  calculations  were  made  graphi- 
cally. 

Two  intermediate  jack  rafters  of  single  intersection  triangular  type 
are  placed  between  the  main  arches,  and  carried  by  the  main  purlins, 
for  the  purpose  of  supporting  secondary  wooden  purlins,  on  which 
the  sheathing  is  laid.  Lateral  ties  are  introduced  between  the  two 
adjacent  arches  at  each  end  of  the  roof,  and  on  each  side  of  the  struct- 
ure throughout  its  whole  length  from  the  eaves  up  to  the  first  main 
purlin.  The  main  purlins  divide  the  roof  on  each  side  into  six  panels 
and  are  single  intersection  triangular  trusses.  The  secondary  purlins 
are  of  yellow  pine,  4  by  6  ins.,  in  section,  placed  about  2  ft.  4  ins.  to 
centers,  where  the  roof  is  not  glazed,  and  on  them  is  laid  ;-in.  tongued 
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mid  grooved  yellow  pine  sheathing  boards,  covered  with  tin.  Details 
of  the  roof  i ire  shown  in  Pigs.  6  and  7. 

There  is  one  central  ventilator  on  the  ridge  of  the  roof  and  fonr 
side  ventilators,  all  of  them  glazed,  giving  a  width  oi  glass  across  the 
roof  of  aboul  L26  lin.  ft. ,  independent  oi  the  glazed  gable  ends  and  the 

windows  in  the  side  walls.      This  large   amount  of  glass,  together  ui'li 

the  simple  design  of  the  root',  the  material  being  massed  together  in 

as  small  a  number  of  pieces  as  possible,  with  vei/v  few  cross-rods 
breaking  up  the  spaces  and  disfiguring  the  mail]  Lines  of  oonsl  rod  Lon, 
gives  an  abundance  of  light  and  produce-  a  remarkably  pleasing 
effect. 

The  exterior  walls  of  this  part  of  the  building,  from  the  foumla*  Lone 
up  to  the  bearing  plates  of  the  arches,  have  coucrete  foundations,  then 
stone  to  the  ground  line,  above  which  they  are  of  brick  with  pink 
granite  base-course  and  caps.  Above  the  springing  of  the  roof  arch, 
the  side  walls  are  of  cast-iron  and  glass,  on  wrought-iron  framing.  The 
interior  finish  up  to  the  tops  of  the  windows  is  of  corrugated  iron  and 
above  that  of  yellow  pine,  tongued,  grooved  and  beaded.  The 
wrought-iron  framing  for  the  side  walls  is  attached  to  the  arched 
trusses,  and  on  the  side  where  the  rollers  of  the  arches  are  placed,  the 
wall  is  cut  horizontally  just  below  the  track  level,  the  upper  portion 
being  suspended  from  the  arches  and  given  £-in.  clearance  from  the 
lower  part  to-allow  of  movement  when  the  arches  contract  or  expand. 

Those  parts  of  the  gable  ends  of  the  roof  not  glazed  are  finished 
in  copper,  as  are  also  the  pinnacles  on  the  pilasters  of  the  side  walls. 
The  interior  ironwork  is  painted  a  shade  of  Indian  red,  touched  up 
with  black,  and  the  woodwork  is  finished  to  show  its  natural  color. 
The  whole  effect  is  extremely  pleasing,  and  much  more  satisfactory 
than  the  usual  lead  paint  finish  which  so  soon  discolors  from  the  action 
of  sulphur  gases. 

There  are  13  tracks  in  the  building,  arranged  in  pairs,  except  for  the 
eastern  track,  and  the  passenger  footways  are  20  ft.  wide  to  curbs, 
except  the  eastern  one,  which  is  13  ft.  wide. 

The  floor  of  the  train-shed  is  constructed  of  buckled  plates  carried 
by  plate  girders.  A  layer  of  concrete  is  first  placed  over  these  plates 
and  on  this  1  in.  of  Neuchatel  asphalt,  the  ties  for  the  tracks  being 
laid  in  asphalt  concrete  and  the  footway  pavements  formed  of  Neu- 
chatel  asphalt,   the  top   being  8  ins.  above  the  top  of  rail.      Large 
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frames  filled  with  heavy  hammered  glass  are  built  in  the  footways  at 

frequent  intervals  to  provide  additional  light  to  the  market  on  the  first 

floor. 

The  Market.  —The  whole  of  the  first  floor  between  Filbert  and  Arch 
Streets  is  occupied  by  the  Beading  Terminal  Market,  covering  an  area 
of  about  78  000  sq.  ft.,  with  an  average  clear  height  to  the  underside  of 
main  girders  of  the  floor  above  of  18  ft.  The  side  walls  are  filled  with 
large  windows  occupying  almost  the  whole  area  between  the  pilasters, 
and  there  are  also  frequent  doors  opening  on  to  the  streets.  The  floor 
of  the  market  is  formed  of  brick  arches  laid  in  cement  and  carried  on 
iron  beams,  the  finish  on  top  being  of  Neuchatel  asphalt.  In 
much  of  this  floor,  north  of  the  head-house,  cement  would  have  been 
preferred,  but  it  had  to  be  done  in  the  winter  season,  and  in  a  limited 
time;  hence  the  necessity  of  using  asphalt.  The  walls  and  piers  are  of 
brick  faced  with  buff  pressed  brick. 

The  market  provides  for  about  1  260  stands  (see  Plate  II),  and  the 
stalls  are  designed  on  the  most  approved  plan,  with  iron  frames  and 
white  oak  counter-tops,  rails,  divisions  and  lockers,  except  for  a  cer- 
tain number  of  the  stalls  and  for  the  fish  market,  where  the  counter- 
tops  are  of  heavy  slabs  of  white  marble.  Convenient  toilet  rooms 
are  provided  for  men  and  for  women.  There  are  eight  hydraulic  ele- 
vators running  from  the  cold  storage  in  the  basement  to  the  main- 
track  floor  over  the  market  for  the  transfer  of  market  produce,  meats, 
etc.,  four  of  these  being  located  near  the  corner  of  Twelfth  and  Arch 
Streets  and  four  on  the  east  wall.  There  is  also  an  elevator  on  the 
east  wall  contiguous  to  Arch  Street,  running  from  the  level  of  the 
market  floor  to  the  cold  storage  floor. 

Market  House  Restaurant. — -The  western  portion  of  that  part  of  the 
first  floor  between  Filbert  Street  and  the  cab-stand  is  occupied  by  a 
market  house  restaurant,  with  store-rooms,  pantry,  kitchen  and  bakery, 
covering  in  all  an  area  of  126  by  18  ft.,  while  the  eastern  part  of  the 
same  location  is  arranged  as  an  express  office,  with  a  floor  area  of  about 
6  250  sq.  ft.  The  whole  of  the  area  under  the  market  is  excavated  and 
forms  a  basement  which  is  occupied  by  cold  storage  rooms,  the  clear 
height  of  this  basement  being  about  11  ft.,  and  along  Twelfth, 
Arch  and  Filbert  Streets  are  numerous  ventilation  areas,  18  in  all,  ex- 
tending from  the  floor  up  to  the  pavement  level.  There  are  four  stair- 
ways from  the  street,  two  on  Arch  and  two  on  Filbert  Streets;  also  two 
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mh  ill  elevators  on  Filberl  Btreel  in  iddition  to  those  already  mentions  i 
in  conned  ion  \\  it  h  t  he  market  house. 

The  Power-House,  This  bnilding,  Located  under  the  railway  tracks 
between  Arch  and  Cherry  Streets  and  containing  the  operating  plants 
for  the  cold  storage  and  arc  electric  Light  system,  and  also  the  boilers, 
covers  a  space  aboul  285  ft.  in  depth,  141  ft.  in  width  on  Arch  Btreel 

and  II  I  ft.  on  Cherry  Street  (sec  Plate  II).  It  is  plainly  and  servtcea- 
1>]\  constructed  of  brick  and  stone,  and  does  not  require  special  de- 
scription, the  tracks  overhead  being  carried  by  columns  and  girders. 
These  tracks  are  laid  ou  stone  ballast  on  a  corrugated  floor,  the  corru- 
gated steel  pieces  forming  this  floor  being  of  a  special  section,  which,  it 
is  believed,  has  never  previously  been  employed.  It  was  essential  to 
obtain  a  water-proof  floor,  and  the  usual  shapes  of  material  would 
not  furnish  this  on  account  of  the  positions  of  the  riveted  connec- 
tions. It  was  therefore  decided  to  use  U"snaped  troughs  with  hori- 
zontal outward  flanges  on  the  upper  edges,  and  to  connect  adjacent 
pieces  by  a  cover  plate  laid  on  top  and  riveted  to  the  contiguous  flanges 
(see  detail  in  Fig.  3).  Some  of  the  manufacturers  bidding  on  the  work 
claimed  that  this  shape  of  piece  could  not  be  made,  but  it  was  suc- 
cessfully done  by  stamping  cold  from  jj-in.  steel  plates  in  20-ft. 
lengths,  at  no  greater  cost  than  if  the  floor  had  been  built  with  the 
usual  shapes.  The  steel  work  was  painted  with  P  and  B  paint,  and 
the  hollows  or  troughs  were  partially  filled  and  sloped  for  drainage 
with  a  composition  consisting  of  a  mixture  of  coal  tar  and  fine  gravel, 
which  became  very  hard.  The  drainage  is  carried  from  these  by  a 
series  of  galvanized  iron  corrugated  pipes  to  main  drains,  hung  from 
the  superstructure,  and  thence  to  sewers.  The  work  has  been  a 
complete  success,  giving  very  dry  and  satisfactory  rooms  below  for 
the  purposes  required. 

Space  is  provided  at  the  north  end  of  the  house  for  six  boilers,  and 
the  stack  is  at  the  northwest  corner.  It  is  of  brick,  having  a  height 
of  150  ft.  above  the  floor  level  of  the  boiler-room  and  an  internal  dia- 
meter of  7  ft.,  the  base  being  square,  changing  to  an  octagon  above, 
and  finishing  at  the  top  with  a  neat  cast-iron  cap.  The  core  of  the 
stack,  which  is  entirely  separated  from  the  external  portion,  is  13  ins. 
thick  at  the  lower  part  for  a  height  of  60  ft. ,  then  9  ins.  for  a  further 
height  of  30  ft.,  and  above  that  4t\  ins.  The  exterior  is  2  ft.  6  ins. 
thick  at  the  square  base,  with  2  ft.  6  ins.  additional  on  the  interior 
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corners,  and  the  octagonal  portion  is  22  ins.  in  thickness  to  a  height  of 
60  ft.  above  the  floor,  thence  17  ins.  for  30  ft.,  thence  13  ins.  for  30 
ft.,  thence  9  ins.  to  the  top.  A  large  coal  l>in  is  provided,  which  is 
filled  directly  from  cars  on  a  siding  track  above,  and  a  hydraulic  hoist 
La  arranged  so  that  ashes  may  be  raised  and  automatically  dumped  into 
cars  for  hauling  away.  The  positions  of  the  cold  storage  and  the  arc- 
lighting  plants  are  shown  by  the  drawings. 

The  Opera  tin  c)  Plant  of  the  Station. — The  operating  plant  comprises 
the  boilers,  the  heating  and  ventilation  apparatus,  the  electric  plant 
for  the  lighting  of  buildings  and  roadway,  the  pneumatic  switch  ap- 
paratus, the  elevator  machinery,  the  water  supply  and  the  refrigerat- 
ing apparatus.  The  entire  plant  has  been  so  arranged  as  to  allow  as 
much  economy  in  working  as  possible  under  existing  conditions,  and 
at  the  same  time  avoid  risk  of  stopping  the  operation  of  the  road  and 
station  from  accident. 

The  boilers,  refrigerating  machinery,  pumps,  and  accumulators 
operating  the  freight  elevators,  the  air  compressors  for  the  switch 
system,  the  arc-light  dynamo  and  engines,  and  the  alternating-current 
incandescent  light  dynamos  and  engines  are  located  in  the  power- 
house between  Arch  and  Cherry  Streets  (see  Plate  II).  The  direct - 
current  incandescent  dynamos  and  engines,  the  filters,  tanks  and 
pumps  for  supplying  water  to  the  station,  the  pumps  and  compression 
tanks,  hydraulic  engines,  etc.,  for  the  passenger  elevators,  a  relay 
of  pumps  and  an  accumulator  for  the  freight  elevators,  and  the 
pumps,  etc.,  to  discharge  waste  water  to  the  sewer,  are  located  in 
the  basement  under  the  central  portion  of  the  head-house  on  Market 
Street  (see  Plate  I). 

Steam  from  the  boilers  is  delivered  into  two  10-in.  steam  mains, 
each  boiler  being  connected  to  each  main  by  7-in.  pipes,  and  these 
mains  in  turn  feed  the  steam  supply  pipes,  of  which  there  are  four  of 
6  ins.  diameter,  each  pipe  being  connected  to  each  of  the  two  10-in. 
mains  in  the  boiler-room.  One  of  these  6-in.  pipes  supplies  the  brine 
pumps  of  the  refrigerating  apparatus,  the  pumps  serving  the  freight 
elevators,  and  the  engines  driving  the  arc  dynamos.  Another  serves 
the  engines  driving  the  ammonia  compressors  and  the  engines  of  the 
alternating  electric-light  dynamos,  feed-water  and  sewage  pumps. 
Supply  is  also  provided  from  both  of  these  pipes  to  the  air  conrpres- 
sors  of  the  switch  plant,  and  the  two  pipes  are  so  connected  that  either 
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one  or^both  can  be  nsed  for  all  of  the  maohinerj  In  the  power-house. 
The  other  fcwo  6-in.  steam  supply  pipes  cany  steam  n  distance  of  I  200 
ft.  throngh  the  tunnels  and  oold  storage  cellar  to  the  head-honse 
engine-room,  where  fchej  form  a  l"<>p  and  supply  strum  to  the  engines, 

pumps,  etc.  placed  i here. 

The  pipes  in  the  power-honse  are  hong  from  the  girders  forming 
the  roof  covering  and  carrying  the  tracks  above.  In  order  to  avoid 
danger  of  accident   from  vibrations  due  to  movement  of  locomotives 

and  trains,  these  pipes  are  suspended  by  chains,  and  the  result  lias 
been  entirely  satisfactory,  no  leaks  or  trouble  of  any  kind  having  been 
experienced  in  connection  with  them. 

The  exhaust  steam  from  the  engines  and  pumps  in  the  Cherry  Street 
power-house  is  carried  by  pipes  laid  in  ducts  under  the  floor  to  a 
horizontal  feed-water  heater,  with  a  by-pass  so  arranged  that  the  tabes 
of  the  heater  may  be  removed  or  repaired  without  interference  with 
the  operation  of  the  plant.  The  exhaust  main  from  the  feed-water 
heater  is  18  ins.  in  diameter  and  runs  under  the  boiler-room  floor  and 
is  carried  up  outside  the  stack.  The  exhaust  steam  from  the  engines 
and  pumps  in  the  head-house  is  also  carried  by  pipes  laid  in  ducts 
under  the  floor  to  the  vertical  pipe  shaft,  and  up  this  shaft  by  a  main 
exhaust  pipe  18  ins.  in  diameter  to  the  attic,  and  thence  by  12-in.  pipe 
to  above  the  roof,  where  it  terminates  in  an  exhaust  head.  Below 
this  exhaust  head  a  balanced  back-pressure  valve  is  placed,  so  ar- 
ranged as  to  open  writh  a  pressure  of  1  lb.  above  the  atmosphere. 
Under  this  valve  a  16-in.  branch  supplies  the  mains  in  the  attic  with 
the  steam  required  for  heating  the  buildings. 

The  water  of  condensation  from  the  heating  system  is  discharged 
into  a  tank  and  pumped  back  to  the  feed  pumps  and  thence  returned 
to  the  boilers.  The  exhaust  steam  which  passes  through  the  feed- 
water  heater  is  wasted,  and  this  deficit  is  made  up  by  the  water  which 
runs  from  the  ammonia  condenser  coils  of  the  refrigerating  plant. 
During  the  winter  the  condensation  of  steam  used  in  heating  the 
head-house  is  at  a  maximum  and  furnishes  a  large  amount  of  the 
water  returned  to  the  boilers  when  the  refrigerating  plant  is  but 
lightly  taxed.  During  the  summer  the  increased  amount  of  wrater 
from  the  refrigerating  plant  makes  up  the  deficiency  in  the  condensa- 
tion from  the  head  house,  so  that  the  supply  to  the  boilers  is  con- 
stantly kept  up  and  no  water  is  bought  for  steaming  purposes,  all  heat 
possible  being  utilized. 
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Boiler  Plant. — The  boiler  plant  consists  of  six  Galloway  boilers,  ag- 
gregating 1  200  H.  P.,  two  feed  pumps,  four  injectors,  one  horizontal 
tubular  heater,  a  blow-off  tank,  a  hot  well  and  a  hydraulic  ash  lift. 
The  Galloway  boiler  was  adopted  for  this  location  principally  on  ac- 
count of  the  low  head-room  available,  and  £ilso  because  such  boilers 
are  readily  cleaned,  and  the.  character  of  the  water  which  has  to  be 
used  is  such  as  to  produce  large  quantities  of  lime  scale. 

Each  boiler  is  7  ft.  in  diameter  and  28  ft.  l£  ins.  in  length,  set  as 
shown  on  Plate  III  in  an  air-tight  and  well  insulated  brick  chamber, 
28  ft.  4^  ins.  long  by  8  ft.  wide  by  10  ft.  G  ins.  high,  inside  dimensions, 
the  top  of  the  boiler  being  placed  within  3  ins.  of  the  intrados  of  the 
crowning  arch.  A  space  of  5^  ins.  is  left  between  the  shell  and  the 
walls  of  the  chamber  at  the  springing  line  of  tUe  arch,  and  2  ft.  at  the 
back  of  the  boiler.  The  boiler  is  supported  at  its  front  end  in  the 
brick  setting  and  10  ft.  from  the  rear  on  a  cast-iron  expansion  rocker. 
The  setting  is  of  hard  brick,  18  ins.  in  thickness,  laid  in  Portland 
cement,  except  where  it  comes  close  to  the  hot  gases,  when  lime  mortar 
is  used,  and  a  wrought-iron  casing  of  No.  22  B.  and  S.  gauge  is  built 
in  the  wall  to  prevent  air  leakage,  a  brick  baffle  being  constructed  to 
23rotect  the  rocker.  The  spandrels  between  the  arches  and  the  space 
above  them  are  filled  with  concrete,  the  top  being  finished  with  a 
horizontal  cement  pavement;  the  exposed  walls  are  faced  with  white 
enameled  brick,  and  the  front  is  capped  with  a  course  of  dressed  blue- 
stone.  Two  cleaning  doors,  15  ins.  in  diameter,  are  set  in  the  front 
wall  and  below  the  boiler  shell.  Each  boiler  has  two  furnaces,  2  ft.  10 
ins.  in  diameter  by  6  ft.  7  ins.  long,  provided  with  Tu/pper  grate  bars 
for  anthracite  pea  coal.  The  boiler  shell  is  made  up  of  seven  rings  of 
^-in.  best  mild  steel,  each  formed  of  one  plate  the  full  circumference 
of  the  boiler,  the  longitudinal  seams  being  triple  riveted  and  alternate, 
so  as  to  avoid  a  continuous  line  of  rivets.  The  heads  are  each  flanged 
from  one  plate  -fa  in.  thick  and  secured  to  the  shell  by  the  flanges, 
gusset  plates  and  angle  irons.  The  furnaces  are  of  f-in.  plate,  and 
provision  is  made  for  expansion. 

The  boiler  chambers  are  lined  with  fire  brick,  and  each  furnace  has 
two  suitable  fire  clay  bridge  wall  blocks.  The  furnaces  unite  behind 
the  fire  bridges  into  one  oval  flue  or  combustion  chamber,  which  has 
large  corrugations  and  contains  the  cone  tubes.  The  metal  in  the  oval 
flue  is  ^  in.  thick. 
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There  are  ra  each  boiler  :'»:'>  Galloway  cone  tubes,  which  are  the 
utial  features  of  this  boiler,  each  tube  being  welded  and  gar 
from  one  plate  of  j-in.  mild  steel  and  baying  as  internal  diameter  of 
in;,  ins.  at  the  upper  end  and  &{  ins.  at  the  lower  end.  The  tubes  are 
all  i4  the  same  Length  and  interchangeable.  The  gases  from  combus- 
tion pass  from  the  furnaces,  through  the  combustion  chamber,  again  si 
the  cone  tubes  and  corrugations  of  the  interior  shell,  and  return,  en- 
veloping the  exterior  shell  to  the  damper  placed  below  and  uDder  the 
boiler  front,  thence  to  the  main  flue  under  the  boiler  room  floor. 

The  specification  for  boilers  required  the  best  open-hearth  mild 
steel,  free  from  all  cracks  and  flaws,  stamped  to  show  the  brand  of  steel 
and  name  of  makers,  and  standing  the  following  physical  tests  :  To 
have  an  ultimate  strength  of  not  more  that  60  000  lbs,  nor  less  than 
50  000  lbs.  per  square  inch  ;  an  elastic  limit  of  not  less  than  30  000  lbs. 
per  square  inch  ;  a  ductility  of  not  less  than  25%  measured  in  a  length 
of  8  ins.,  and  a  reduction  of  area  at  point  of  fracture  of  not  less  than  50 
per  cent.  The  test  pieces  were  required  to  bend  cold  without  crack 
or  flaw  180°  to  a  curve  having  a  radius  equal  to  half  their  thickip 
after  having  been  beaten  red  hot  and  quenched  in  water  at  60°  Fahr. 
A  variation  in  cross-section  or  weight  of  plates  of  more  than  5%  from 
that  specified  was  cause  for  rejection. 

Each  boiler  is  provided  with  a  manhole  17  ins.  in  diameter;  two  noz- 
zles, 7  ins.  in  diameter  ;  one  2-in.  nozzle  for  surface  blow-off;  one  4-in. 
nozzle  for  blow-off  connection  ;  one  2-in.  feed  nozzle  ;  anti-priming 
pipe  ;  one  4-in.  lever  and  one  4-in.  pop  safety  valve,  and  one  7-in.  main 
steam  valve  ;  also  gauges,  valves,  dampers,  etc.  Each  boiler  has  areas, 
etc.,  as  follows  : 

Grate  surface 36 .  25  sq.   ft. 

Water-heating  surface  in  shell 418  sq.  ft. 

fire-box...     141 

oval  flue.       200 

tubes 201 

960    sq.   ft. 

Steam-heating        "  shell 199         " 

Total  surface 1  159 

Steam  space 211  cu.   ft. 

Water      "     482 


• 
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The  boilers  were  tested  under  a  hydrostatic  pressure  of  150  lbs.  per 
square  inch  for  a  working  steam  pressure  of  110  lbs.  per  square  inch. 
The  tests   for  capacity   and  economy  developed  the  following  facte 
red  ash  anthracite  pea  coal  being  burned,  with  a  natural  draft  by  the 
stack,  150  ft.  in  height. 

First  Test: 

Equivalent   evaporation  from  and  at  212° 

Fahr.  per  hour 9  485.9  lbs.  of  water. 

Total  evaporation  (including  water  in  coal) 

from  and  at  2123  Fahr.  per  hour 9  563.7 

Equivalent   evaporation  per  pound  of  dry 

coal  from  and  at  212-  Fahr.  per  hour.  8.13     " 

Equivalent  evaporation  per  pound  of  com- 
bustible from  and  at  212°  Fahr.  per 
hour 9.74       " 

Moisture  in  steam 0 .  51  per  cent. 

Percentage  of  ash  in  coal 16 .  50 

Dry    coal   per   hour   per  square   foot    of 

grate 32 .  44  lbs. 

Second  Test : 

Equivalent  evaporation  from  and  at  212- 

Fahr.  per  hour 8  027 . 7     lbs.  of  water. 

Total  evaporation  (including  water  in  coal) 

from  and  at  212°  Fahr.  per  hour 8  051.3 

Equivalent  evaporation  per  pound  of  dry 

coal  from  and  at  212"  Fahr.  per  hour.  8.34       "            " 
Equivalent  evaporation  per  pound  of  dry 

combustible  from   and  at   212 c  Fahr. 

per  hour 9.90       " 

Moisture  in  steam Dry. 

Percentage  of  ash  in  coal   15 .  78  per  cent. 

Dry  coal  per  hour  per  square  foot  of  grate  26.63  lbs. 

Average  steam  pressure  absolute 106.0      " 

Temperature  of  boiler-room 88°  Fahr. 

back  of  boiler 680^-810^    Fahr. 

at  damper 600^-680=     " 
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Average  teal  o!  gases  during  LO  hours.     Parts  in  LOO,  by  volume: 

( 'arbonio  acid 11  :,> 

Oxygen 5,  0 

Carbonio  oxide 0.20 

Nitrogen 82.80 

100.00 

Approximate  weight  of  air  per  pound  of  coal,  1(5  lbs. 

The  samples  of  gas  were  taken   under   the   various  conditions  of 

tiring,  by  which  an  excess  of  oxygen  might  be  jDroduced  from  open 
furnace  doors,  or  an  excess  of  unconsumed  gases  from  fresh  coal  being 
put  on  the  fires,  etc. 

The  feed-water  to  the  boilers  can  be  supplied  either  from  the  eity 
water  mains,  the  condensation  from  the  heating  systems  of  the  build- 
ings, or  the  overflow  from  the  ammonia  condenser  of  the  refrigerating 
apparatus.  It  is  delivered  into  an  iron  tank,  from  which  it  is  taken 
by  two  Blake  duplex  feed  pumps,  having  10-in.  steam  cylinders, 
6-in.  water  plungers  and  12-in.  stroke,  each  pump  being  capable  of 
supplying  all  of  the  six  boilers.  From  the  pumps  the  water  passes 
through  a  horizontal  tubular  feed-water  heater  of  the  reservoir  type, 
19  ft.  6  ins.  long  and  54  ins.  in  diameter,  containing  49  lin.  ft.  of  2-in. 
seamless  drawn  brass  tubes,  measuring  650  sq.  ft.  of  heating  surface, 
and  is  carried  by  a  6-in.  main  to  the  boilers,  with  a  temperature,  after 
leaving  the  heater,  of  212°  Fahr.  The  capacity  of  the  heater  is  1  890 
galls.  A  further  auxiliary  supply  is  obtained  from  four  No.  8  Sellers 
fixed  nozzle  automatic  injectors,  each  having  a  capacity  of  13  500  lbs. 
of  water  per  hour.  Each  boiler  is  supplied  from  the  6-in.  feed  main 
by  a  2-in.  feed  pipe,  this  pipe  being  carried  through  the  front  head 
and  discharging  under  the  surface  of  the  water  near  the  rear  of  the 
boiler.  The  blow-off  pipes  are  3  ins.  in  diameter,  and  discharge  through 
a  4-in.  main  blow-off  pipe,  laid  in  a  duct  under  the  floor  and  above  the 
main  flue,  to  a  muffler  in  a  blow-off  tank.  This  tank  is  23  ft.  10  ins. 
long  and  5  ft.  2  ins.  in  diameter,  made  of  J-in.  wrought  iron  and  pro- 
vided with  an  18-in.  manhole,  a  6-in.  vapor  pipe  and  a  6-in.  outlet  to 
a  sewer.  It  is  located  under  the  roadway  to  the  boiler-room,  near  the 
stack. 

The  main  flue  is  133  ft.  long  to  center  of  stack,  and  has  an  area  at 
its  smaller  end  of  19  sq.  ft.,  and  at  the  larger  end,  at  the  stack,  of 
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40.4  sc|.  ft.  The  inlets  for  each  boiler  have  an  area  of  14.6  sq.  ft.  This 
flue  is  built  of  hard  brick  and  Portland  cement  mortar,  is  under  the 
boiler-room  floor,  and  above  it  is  the  duct,  previously  mentioned,  for 
the  blow-off  pipe  and  for  the  exhaust  main  from  the  feed-water 
heater. 

Each  boiler  is  provided  with  an  individual  damper,  and  a  main 
damper,  operated  by  an  automatic  regulator,  is  placed  in  the  flue  at 
the  stack.  The  boilers  are  controlled  entirely  from  the  front,  the  rear 
of  the  boiler-setting  abutting  against  the  Cherry  Street  Bridge  abut- 
ment. A  light  iron  gallery  at  the  level  of  the  top  of  the  boilers  ex- 
tends the  entire  length  of  the  10-in.  steam  mains,  and  is  connected  to 
the  top  of  the  boiler  setting,  three  iron  ladders  giving  access  to  this 
gallery  for  the  ready  manipulation  of  valves,  etc. 

The  coal  bins,  previously  mentioned,  are  of  brick,  and  extend  from 
the  boiler-room  floor  to  the  track  level.  They  have  a  siding  directly 
over  them,  from  which  coal  is  dropped  into  them.  They  are  capable 
of  holding  450  tons.  An  ash-lift  is  provided,  operated  by  hydraulic 
power  from  the  accumulators,  and  automatically  dumps  the  ashes  into 
cars  at  the  track  level.  It  has  a  capacity  of  51  cu.  ft. ,  and  the  bucket 
drops  into  a  pocket  level  with  the  floor  of  the  boiler-room,  allowing 
easy  deposit  of  ashes. 

Heating. — The  head-house  is  heated  by  direct  radiation  throughout. 
The  exhaust  steam  from  the  machinery  in  the  basement  is  carried  by 
an  18-in.  main  up  the  pipe  shaft  to  the  attic,  where  it  is  connected  to 
a  system  of  horizontal  pipes  running  around  the  exterior  walls  in  a 
loop.  Supply  pipes  controlled  by  valves  are  carried  from  these 
horizontal  pipes  by  a  bottom  connection  to  the  various  radiators  on 
all  the  floors  of  the  building  above  the  second.  The  basement,  first 
and  second  floors  are  served  from  a  system  of  pipes  in  the  basement, 
connected  with  the  exhaust  main,  these  supply  pipes  also  serving  as 
bleeders  for  the  supply  from  the  attic.  All  of  these  pipes  are  drained 
to  traps  discharging  into  the  main  drip  from  the  heating  system. 
The  condensation  from  the  radiators  flows  into  vertical  risers,  thence 
to  the  mam  drip  m  the  basement  and  cellars,  which  discharges  into 
traps  from  which  it  is  taken  to  a  300-gall.  drip  tank,  constructed  of 
Y^-in.  iron  and  provided  with  manhole,  water-gauge,  vapor  pipe,  and 
necessary  outlets. 

A  duplex  pump  with  a  capacity  of  40  galls,  per  minute  delivers  the 
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water  from  the  drip  tank  through  a  2i-in.  pipe  i"  fche  hot-well  in  the 
Cherrj  street  power-house.  This  pump  is  operated  automatically  bj 
the  height  of  water  in  the  drip  tank,  and  ;•  relay  pump  lb  also  pro- 
Tided  in  case  of  accident,  air  outlets  controlled  by  stop  and  check 
valves  arc  provided  on  the  drip  pipes  and  discharge  into  the  vapor 
pipe.  The  individual  parts  of  the  heating  sj  stem  are  controlled  by 
valves  on  fche  steam  and  drip  pipes.  The  rooms  of  fche  building  with 
north  and  west  exposure  have  2  sq.  ft.  of  radiator  surface,  and  those 
with  south  and  east  exposure  1  sq.  ft.  to  each  100  cu.  ft.  of  content. 

The  main  supply  riser  is  proportioned  to  give  a  sectional  area  of 
0.0U7  sq.  in.,  and  other  steam  supply  pipes  0.012  sq.  in.  to  each  square 
foot  of  radiating  surface,  no  pipes  being  allowed  of  less  than  f-iu. 
diameter. 

The  drip  pipes  are  proportioned  as  follows  : 

1-in.  pipe  for     150  to     300  sq.  ft.  radiating  surface. 
2-in.  "         600  to  1600 

3-iu.  "      3  200  to  7  000 

The  intermediate  sizes  are  proportioned  accordingly. 

Provision  is  made  for  a  supply  of  live  steam  controlled  by  a  press- 
ure regulator,  should  the  exhaust  from  the  machinery  in  operation  be 
insufficient.  In  practice  this  is  only  occasionally  necessary  in  the 
early  morning.  The  steam  pressure  required  in  the  heating  system 
varies  from  1  lb.  above  the  atmosphere  to  5  ins.  of  vacuum. 

The  baggage-rooms,  restaurant  and  toilet-rooms  in  the  market 
house,  the  pipes  serving  nozzles  for  warming  cars  in  the  train-shed, 
and  pipes  for  clearing  rain  conductors  of  ice  or  snow,  are  supplied 
from  the  live  steam  mains  and  controlled  by  pressure  regulators,  the 
drips  from  these  heating  surfaces  and  from  the  traps  draining  steam 
mains,  etc. ,  being  discharged  by  a  pipe  into  a  drip  tank  at  the  end  of 
the  tunnel  at  Arch  Street,  from  which  it  is  pumped  into  the  hot-well. 

Ventilation. — The  rooms  and  offices  above  the  second  floor  are  ven- 
tilated by  exhaust  fans  located  on  the  roof,  and  the  various  air  con- 
ductors are  of  galvanized  iron,  being  proportioned  to  convey  the  air  at 
a  velocity  of  600  ft.  per  minute.  Two  60-in.  Blackman  fans  are  pro- 
vided for  this  purpose,  each  rated  at  12  000  cu.  ft.  per  minute.  There 
is  also  one  42-in.  Blackman  fan  of  9  000  cu.  ft.  per  minute,  specially 
provided  for  exhausting  the   air   from  the  large  toilet-rooms  in  the 
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eastern  end  of  the  building.  Each  fan  discharges  its  air  above  the 
roof  by  a  galvanized  iron  tower,  designed  to  prevent  adverse  air  cur- 
rents. 

Individual  toilet-rooms  are  ventilated  by  aspirating  coils  in  flues, 
these  coils  being  supplied  with  steam  from  the  high-pressure  pipe 
serving  the  kitchen  department  and  controlled  by  pressure  regulators. 
The  vent  flue  registers  are  located  in  the  side  walls  of  the  various  rooms 
above  the  baseboard,  and  those  from  the  toilet-rooms  are  connected  to 
the  seat,  vents  of  the  Sypho  water-closet  hoppers,  each  hopper  having 
an  air  vent  of  12  sq.  ins. 

The  60-in.  fans  are  driven  by  5  H.-P.  electric  motors,  and  the42-in. 
fan  by  a  2£  H.-P.  motor. 

The  basement  stores  are  ventilated  from  the  floor  by  galvanized  iron 
ducts  and  a  30-in.  Huyett  &  Smith  disk  fan,  driven  by  a  1  H.-P.  electric 
motor,  the  air  being  delivered  at  a  rate  of  6  000  ft.  per  minute  at  the 
base  of  the  pipe  shaft,  which  has  on  top  a  30-in.  Star  ventilator. 

Arc-Lighting  Plant — The  arc-light  plant  has  a  total  capacity  for 
operating  three  hundred  2  000  nominal  candle-power  arc  lamps  in  10  cir- 
cuits, with  a  maximum  of  30  lamps  on  each  circuit.  Two  hundred  and 
forty  lamps  were  installed  under  the  contract,  distributed  as  follows : 

66  lamps  in  the  train-shed  on  two  circuits,  and  from  the   circuit 

lighting  the  streets  and  cab  lobby. 
44  lamps  in  the  market  house,  on  two  circuits. 
12  lamps  in  streets  and  driveways  around  buildings. 
28  lamps  on  line  of  road  between  Arch  and  Callowhill  Streets,  on 

five  circuits. 
48  lamps  on  branch  line  to  Broad  and  Noble  Streets  and  beyond 

Broad  Street,  on  two  circuits. 
12  lamps  on  branch  line  to  Ninth  and  Green  Streets,    on  three 

circuits. 
38  lamps  in  station  at  Spring  Garden  Street,  Ninth  Street  yard 

and  engine  houses,  etc.,  on  three  circuits. 

The  lamps  in  the  train-shed  are  suspended  over  each  platform,  at 
distances  apart  of  50  ft.,  with  the  arc  16  ft.  abo^ve  the  floor.  The  con- 
ductors run  across  the  shed,  28  ft.  above  the  floor,  and  are  stayed  over 
the  center  of  each  platform  from  the  front  to  the  rear  of  the  shed  with 
phosphor-bronze  wires  of  No.  12  B.  and  S.  gauge.     These  lamps  in  the 
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train-shed  have  lull  opal  glass  globes,  thus  giving  perfeol  illumination 
without  shadows.  The  lamps  on  the  line  oi  the  road  are  erected  on 
poles,  with  the  arc  placed  80  ft.  above  the  track  Level;  and  between 
A  re  1 1  and  Gallowhill  Streets  are  Bpaoed  generally   loo  ft.  aparl  on  each 

side  «>f  the  road.  The  lamps  are  located  so  as  to  also  illuminate  the 
streets  passing  under  the  road.  On  the  branch  lines,  the  lam])-- are 
located  on  the  right  of  the  outbound  t  rack,  a1  distances  aparl  <>t'  about 
L25  ft. 

The  tracks  are  served  by  live  circuits,  as  already  stated,  bu1  the 
lamps  are  so  connected  that  two  of  the  circuits  ma\  l>e  cut  out  and  yet 
Leave  a  sufficient  number  of  lamps  in  service  to  operate  the  road. 

The  poles  for  the  road  lines  are  of  Michigan  pine,  5  ins.  square  at 
the  top  and  10  ins.  square  at  the  level  of  roadway,  those  between  Arch 
and  Gallowhill  Streets  being  set  either  in  wrought-iron  pedestaK  or 
secured  by  iron  clamps  to  the  masonry,  and  those  on  the  branch  lines 
set  7  ft.  in  the  ground,  on  large  flat  stones  and  well  tamped.  The 
poles  are  dressed  and  painted  in  three  coats  of  white  lead  and  oil,  and 
are  provided  with  iron  ladders.  The  conductors  are  carried  up  the 
poles  in  moldings,  and  each  lamp  is  provided  with  a  cut-out  switch  in 
a  cast-iron  box  with  Yale  lock,  set  4  ft.  above  the  track,  and  so  ar- 
ranged as  to  cut  out  the  lamp  without  breaking  the  circuit  of  the 
other  lamps.  All  of  these  lamps  on  the  roadway  have  clear  glass 
globes. 

The  electrical  conductors  go  out  on  the  right  and  return  on  the  left 
side  of  the  roadway,  those  between  Arch  and  Callowhill  Streets  being 
laid  in  l£-in.  wrought-iron  pipes,  either  on  the  coping  or  under  the 
surfaces  of  the  ground.  Brass  slip  joints  are  provided  for  expansion 
and  contraction,  and  cast-iron  junction  boxes  at  each  lamp.  On  the 
iron  elevated  construction  the  conductors  are  carried  under  the  foot- 
ways, on  glass  insulators.  All  lamps  are  suspended  independently 
from  the  conductors. 

There  are  10  direct  current  automatic  Western  Electric  arc  dynamos, 
each  having  a  capacity  of  30  10-ampere  50-volt  lamps,  at  a  speed  of 
1  400  revolutions  per  minute,  and  guaranteed  to  operate  with  a  power 
not  exceeding  |H.  P.,  delivered  at  the  dynamo  pulley  for  each  lamp 
burning.  The  dynamos  are  operated  by  five  Westinghouse  compound 
engines  (one  engine  driving  two  dynamos),  connected  up  with  Schultz 
endless  leather-link  belts.     This  type  of  belt  is  used  throughout  the 
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plant.  Each  engine  lias  a  10-iu.  high-pressure  cylinder,  an  L8-in.  low- 
pressure  cylinder  and  a  10-in.  stroke,  and  at  -VH)  revolutions  per  min- 
ute, with  100  lbs.  steam  pressure,  and  one-fourth  cut-off,  it  is  guaran- 
teed to  deliver  65  H.  P. 

The  switchboard  is  of  Tennessee  marble  and  is  fully  equipped 
with  spring  jacks,  plugs,  ampere  meters,  lightning  arresters,  magneto 
bell,  volt  meter,  etc. 

The  lamps  are  2  000  candle-power  of  two  carbon,  Western  Electric 
manufacture.  All  conductors  are  of  No.  4  B.  and  S.  gauge;  those  in 
the  underground  conduits  have  simplex  triple-braided  double  extra 
mining  insulation,  and  those  for  all  other  work,  triple  braided  weather- 
proof insulation. 

Incandescent  Elective  Light  Plant. — The  incandescent  electric  light 
plant  is  served  by  both  alternating  and  direct  current  dynamos.  The 
alternating  current  apparatus  is  located  in  the  Cherry  Street  power- 
house and  serves  the  lights  in  the  power-house,  the  market  offices  and 
toilet-rooms,  the  cold  storage  rooms,  the  tunnels  and  basements,  the 
kitchen,  restaurant,  express  rooms,  station-master's  office  and  relay 
lamps  in  the  passenger  corridor;  also  two  500-light  (equivalent  to 
1  000  16  candle-power  lamps)  converters  in  the  head-house  engine- 
room. 

There  are  two  45-kilowatt  Westinghouse  alternating  current  in- 
candescent dynamos  with  separate  exciters  driven  from  the  engines, 
each  exciter  having  a  capacity  of  30  amperes  at  125  volts,  the  pri- 
mary current  being  1  000  volts  and  the  secondary  100  volts.  Each 
dynamo  is  driven  by  a  compound  Westinghouse  engine  with  a  12-in. 
high-pressure  cylinder,  a  20-in.  low-pressure  cylinder  and  12-in.  stroke, 
rated  at  100  H.  P.,  with  100  lbs.  steam. 

In  addition  to  the  various  circuits  serving  the  lamps  as  indicated,  a 
pair  of  No.  4  B.  and  S.  mains  is  run  to  the  1  000-light  converters 
which  are  connected  with  the  head-house  distribution  switchboard 
and  act  as  a  relay  to  the  direct  current  incandescent  dynamos,  as 
will  be  hereinafter  described. 

The  direct  current  incandescent  lighting  apparatus  serves  all  lamps 
in  the  head-house,  the  motors  driving  the  ventilating  fans  and  the 
transformers  serving  current  for  all  the  telegraph  lines  centering  in 
the  building.  There  are  three  Westinghouse  75-kilowatt,  multiple, 
direct  current  incandescent  light  dynamos,  each  of  600  amperes,   at 
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L25  rolts.     Kadi  of  these  dynamos  is  driven  by  a  Westinghouse  com- 
pound  engine,  having  a  L8-in.   high-pressure  cylinder,  a  22-in.   low 
pressure  cylinder  and  a  L8  in   Btroke,  and  of  L26  nominal  horse-power, 
with  LOO  Lbs.  of  steam  (see  Plate  I). 

The  switchboard  is  of  white  marble,  IN  by  9  ft.,  supported  by 
brass  pedestals.  It  has  two  pairs  of  bus-bars,  one  pair  for  alternating 
currenl  and  the  other  for  direct  current.  The  30  circuits  serving  the 
building  arc  each  provided  with  a  double  pole,  double  throw,  jaw 
switch,  and  four  spare  switches  are  supplied  for  additional  circuits 
that  may  be  needed.  Each  circuit  is  furnished  with  two  cut-out 
switches  on  each  pole,  so  that  in  the  event  of  the  failure  of  a  fuse  a 
second  fuse  can  be  thrown  into  circuit  by  the  closing  of  the  auxiliary 
switch.  Each  of  the  circuit  switches  is  connected  to  both  sets  of  bus- 
bars, so  that  when  thrown  up  they  feed  the  circuits  from  the  direct 
current  bus-bars,  and  when  thrown  down  from  the  alternating  current 
bus -bars. 

There  are  provided  upon  the  switchboard  for  each  dynamo  its  ap- 
propriate  switches,  rheostat,  ammeter,  volt  meter,  and  upon  the  top 
of  the  board,  an  ammeter  indicating  the  load  on  the  alternating  current 
dynamos  in  the  power-house.  This  arrangement  of  the  switchboard 
is  somewhat  novel,  and  was  so  designed  as  to  utilize  the  spare  power 
of  the  alternating  current  machines  and  avoid  the  necessity  of  a  spare 
direct  current  dynamo. 

There  are  also  provided  four  revolving  transformers  of  different 
sizes,  taking  the  current  at  100  volts  from  the  switchboard  and  trans- 
forming it  to  6  volts,  20  volts  and  70  volts  respectively,  for  the  opera- 
tion of  all  the  telegraph  lines  in  this  building  belonging  to  the  road 
and  its  connections. 

From  the  fact  that  the  station  was  put  into  service  before  the  work 
was  completed,  it  was  im}>ossible  to  make  a  test  of  the  engines  of  the 
electrical  plant,  but  a  test  made  at  the  Drexel  Institute  of  similar 
engines,  with  10-in.  and  18-in.  cylinders  and  10-in.  stroke,  gave  the 
following  results.  The  test  was  made  during  a  run  of  five  hours  after 
the  engines  had  been  in  commission  for  several  months.  The  condi- 
tions for  the  tests  were  not  as  favorable  as  they  might  have  been,  as  all 
of  the  water  supplied  to  the  boiler  (of  200  H.  P.  capacity)  during  the 
test  was  weighed  and  charged  against  the  engine,  the  steam  having 
been  delivered  through  long  lines  of  large  mains. 
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Xo.  1,  Full  Load. 

Engine  rating 65        H.  P. 

Steam 98.1     lbs. 

Atmosphere 14. 72     " 

Horse-power,  mean,  high-pressure  cylinder..  33.47 
"  "       low-pressure   cylinder...  30.19 


Total 63.66  H.  P. 

Water  per  horse-power  per  hour 26.08   lbs. 

Revolutions  per  minute   320 

Variation 314  to  329 

Test  No.  2,  Partial  Load. 

Engine  rating 65    H.  P. 

Steam 96.2    lbs. 

Atmosphere 14.72   " 

Horse-power,  mean,  high-pressure  cylinder. .  24.49 
"  "       low-pressure  cylinder .. .  16.75 


Total 41.24  H.  P. 

Water  per  horse-power  per  hour 28.79   lbs. 

Revolutions  per  minute 320.5 

Variation 320  to  322 

There  are  installed  in  all,  including  current  for  motors,  an  equiva- 
lent of  4  200  16  candle-power  lamps.  For  general  illumination  one 
16  candle-power  lamp  is  allowed  for  1  000  cu.  ft.  of  content,  which 
of  course  does  not  include  special  desk  lighting.  The  entire  wiring  is 
run  on  the  two-wire  system.  No  wires  less  than  Xo.  14  B.  and  S.  gauge 
are  used,  and  wires  of  Xo.  8  and  larger  sizes  are  stranded.  The  insula- 
tion is  as  follows:  Simplex  double  extra  mining  for  high  tension  alter- 
nating currents,  primary  circuits.  For  the  secondary  circuits,  Bishop 
double  coat.  For  the  direct  current  incandescent  wiring  tire  and 
and  weather-proof  insulation  is  used. 

The  general  layout  is  figured  for  16  candle-power  100-volt  lamps, 
on  a  basis  of  1.2  amperes  per  lamp,  with  a  loss  not  exceeding  5  volts, 
and  a  difference  of  1%  between  any  two  lamps  on  the  same  circuit, 
with  all  lamps  burning. 
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The  conductors  are  run  in  brass  armored  conduits  for  all  rooms 
below  the  third  Moor,  lnit  above  thai  they  are  run  in  molding,  this 
method  having  been  adopted  to  enable  the  ready  change  In  position 
of  lamps,  as  might  be  required  to  suit   the  various  office  requirements. 

The  attic  Is  Berved  with  one  circuit,  and  the  third  to  seventh  Btories 
inclusive  are  each  served  with  two  main  circuits,  the  feed  wires  being 
carried  in  vertical  cabinets,  one  in  the  center  of  the  eastern  hall  of  the 
building  and  the  other  in  the  western  half.  Bach  main  feed  \\  u  i 
a  "  crib, "  run  on  the  ceiling  of  the  central  corridor,  from  which  taps 
are  math1  with  link-fuse  cut-outs.  Each  stairway  has  its  own  circuit, 
which  also  carries  lamps  tor  the  ends  of  the  corridors.  Circuits  for 
the  remaining  lamps  are  arranged  so  as  to  admit  of  easy  control  by  the 
engineer,  and  the  switches  and  cut-outs  in  those  portions  of  the  build- 
ing open  to  the  public  are  set  in  metallic  boxes,  flush  with  the  walls, 
and  provided  with  Yale  locks. 

Pneumatic  Switch  atid  Signal  Apparatus.— -The  pneumatic  switch  and 
signal  apparatus  was  installed  by  the  railroad  company  and  is  operated 
by  two  No.  7  lngersoll-Sergeant  Drill  Company's  straight-line  com- 
pressors, each  having  a  14-in.  steam  cylinder,  a  14^-in.  air  cylinder, 
and  an  18-in.  stroke,  the  fly-wheel  being  5  ft.  in  diameter.  One  com- 
pressor, with  100  lbs.  of  steam  and  working  at  36  revolutions  per 
minute,  is  sufficient  to  run  the  apparatus.  Connections  are  made  with 
two  steam  mains  to  each  compressor,  and  the  electrical  storage  bat- 
teries are  charged  by  an  80-ampere  dynamo  at  50  volts,  connected 
directly  to  and  driven  by  a  standard  10  H.-P.  Westinghouse  engine, 
having  5^ -in.  steam  cylinders  and  a  5-in.  stroke. 

Elevator  Plant.  —  There  are  15  freight  and  baggage  elevators  and  six 
passenger  elevators,  all  operated  by  hydraulic  power  and  of  the  Stokes 
&  Parrish  type.  The  freight  and  baggage  elevators  are  worked  by 
rams  under  a  pressure  of  250  lbs.  per  square  inch  at  a  speed  of  80  ft. 
per  minute  at  half  load.  Three  pumps,  two  accumulators  and  a  re- 
turn tank  are  located  in  the  Cherry  Street  power-house  of  sufficient 
capacity  to  operate  the  entire  plant,  and  two  pumps,  one  accumulator 
and  a  return  tank  are  placed  in  the  engine-room  of  the  head-house. 
These  separate  installations  are  arranged  to  operate  either  together  or 
separately,  one  being  the  relay  of  the  other.  During  the  winter  months 
the  head-house  pumps  may  be  run  in  order  to  allow  the  exhaust  steam 
to  be  used  for  heating  purposes.     The  pressure  and  return  mains  serv- 


WILSON   ON   BEADING   TERMINAL.  155 

ing  the  various  elevators  are  placed  in  the  tunnels  and  ducts  under 
the  exterior  corridors  of  the  cold  storage  cellar,  and  are  controlled  by 
valves,  so  that  either  or  both  of  the  operating  plants  may  be  used.  In 
case  of  an  accident  to  the  main  pipes  the  damaged  portion  may  be  cut 
out  without  impairing  the  efficiency  of  the  service. 

Each  accumulator  has  a  piston  of  17  ins.  diameter,  with  a  stroke  of 
6  ft. ,  and  is  loaded  with  32  tons.  The  pumps  are  of  the  Worthington 
compound  duplex  pattern  with  outside-packed  pistons,  having  14-in. 
high-pressure  and  20-in.  low-pressure  cylinders,  7 2 -in.  water  plungers 
and  a  15-in.  stroke. 

The  return  tank  in  the  Cherry  Street  power-house  has  a  capacity  of 
650  cu.  ft.,  that  in  the  head-house  340  cu.  ft.,  and  the  force  and  return 
mains  are  7  ins.  in  diameter. 

The  table  on  page  156  gives  the  general  data  in  reference  to  the 
various  freight  and  baggage  lifts. 

Of  the  six  passenger  elevators,  four  of  them  are  rope  hoist  and  two 
of  them  operated  by  rams,  working  under  a  pressure  of  110  lbs.  per 
square  inch.  The  apparatus,  which  is  hydraulic  and  pneumatic,  its 
location  being  shown  on  Plate  I,  is  as  follows  :  Two  Worthington 
duplex  compound  pumps  with  14-in.  high-pressure  and  20-in.  low-press- 
ure cylinders,  12-in.  water  plungers  and  10-in.  stroke.  Two  horizontal 
wrought-iron  pressure  tanks  each  22  ft.  long  and  5  ft.  in  diameter.  One 
auxiliary  vertical  pressure  tank  4  ft.  in  diameter  and  6  ft.  long.  One 
return  water  tank  having  a  capacity  of  660  cu.  ft.,  and  one  auxiliary, 
tank  of  66  cu.  ft.  One  hydraulic  engine  with  18-ft.  1-in.  stroke,  22^- 
in.  cylinder,  geared  8  to  1,  two  steel  lyf-in.  piston  rods.  One  hy- 
draulic engine  with  17-ft.  stroke,  22  £  -in.  cylinder,  geared  8  to  1,  two 
lyf-in.  piston  rods.  One  hydraulic  engine  with  20-ft.  5-in.  stroke,  18- 
in.  cylinder,  geared  6  to  1,  two  lT|-in.  piston  rods.  One  hydraulic 
engine  with  20-ft.  5-in.  stroke,  18-in.  cylinder,  geared  6  to  1,  two  2-fV 
in.  piston  rods. 

The  auxiliary  pressure  and  return  tanks  are  used  to  equalize  the 
flow  of  water  to  the  pumps  from  the  elevators  in  the  Avest  end  of  the 
building.  The  water  is  pumped  from  the  return  tank  to  the  pressure 
tanks  (which  are  kept  half  full  of  air  by  means  of  snifting  valves)  and 
is  delivered  from  them  to  the  cylinders  of  the  hydraulic  engines.  One 
duplex  pump  and  pressure  tank  is  sufficient  to  operate  the  elevators, 
and  the  duplicates  are  held  in  reserve. 
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One  of  the  elevators  is  arranged  to  lift  »'>  <>oii  lbs.,  so  that  Bales  and 
other  heavy  articles  may  be  conveyed  by  it.     The  ram  elevators  are 

Berved  from  the  pressure  tanks.  The  elevators  are  provided  with 
-at.  ty  apparatus  and  speed  governors  which  arrest  the  descent  of  the 
car  if  it  exceed  a  safe  speed  from  any  cause.     Should  this  apparatus 

fail,  the  car  drops  into  an  air  cushion  17y  ft.  in  depth,  which  is  ample 
to  prevent  breakage  of  the  car  or  loss  of  life. 

The  table  on  page  158  gives  the  general  dimensions  of  the  passenger 
elevators. 

Water  Supply. — The  water  supply  is  from  the  city  mains  and  from 
the  rainfall  on  the  roof  of  the  head-house.  In  the  basement  of  the 
head-house  there  are  two  Jewell  pressure  niters,  one  filtered  water  tank 
and  three  Worthington  purnps;  in  the  attic  there  are  eight  storage 
tanks,  which  have  been  previously  mentioned  in  the  general  descrip- 
tion of  the  building,  and  in  the  Cherry  Street  power-house  there  are 
two  Worthington  pumps,  a  brick  cistern  and  a  pressure  tank  (see 
Plates  I  and  II  i. 

Water  from  the  city  mains  on  Market  Street  is  supplied  to  the 
filters  through  a  meter,  and  a  direct  supply,  without  a  meter,  with 
sealed  valve,  is  also  furnished  for  fire  service.  The  water  through  the 
filters  serves  the  head-house  and  the  pipes  delivering  at  the  end  of  each 
track  in  the  train-shed  for  a  supply  to  passenger  cars:  the  rainwater 
collected  from  the  roof,  supplemented  from  the  pumps  when  necessary, 
is  used  to  flush  the  water-closets;  and  the  market,  restaurant,  etc.. 
under  the  train-shed,  are  furnished  directly  from  the  water  mains  on 
Twelfth  Street.  The  power-house  is  served  by  a  6-in.  main  connected 
with  the  city  mains  on  Arch  and  Cherry  Streets,  and  fire  hydrants  in 
the  cold  storage  cellar  and  in  the  train-shed  are  furnished  from  the 
Arch  Street  main  as  well  as  from  the  pumps  serving  the  ram  elevator 
system,  check  valves  being  introduced  so  that  a  pressure  of  250  lbs. 
per  square  inch  can  be  brought  into  service  if  required.  The  cistern 
and  punip  in  the  power-house  are  held  in  reserve  in  case  of  accident  to 
the  city  mains  or  in  the  event  of  the  city  pressure  falling  below  the 
pressure  that  is  required  to  serve  the  cold  storage  machinery. 

The  two  filters  in  the  head-house  have  a  total  capacity  of  20  000 
galls,  per  hour,  each  consisting  of  a  wrought -iron  shell  8  ft.  in  diam- 
eter, containing  200  discharge  nozzle>  §  in.  in  diameter  fitted  with 
finely  perforated  rose  screens  of  aluminum  bronze  1|  ins.  in  diameter. 
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The  water  from  these  nozzles  pa: — -  throng]  I   of  crushed  quartz 

'.  in  depth.     In  cleaning  the  filters  the  direction  of  the  water  if 
lid  i--  admitted  to  the   underside  of  the  quartz  bed.  which  is 
agitated  at  the  same  time  by  a  revolving  comb  operated  by  an  electric 

motor.     For  the  purpose  of  sterilizing  the  niters,  high-pree  earn 

can  be  admitted  to  the  discharge  chamber  and  forced  back  through  the 
nozzles.  The  tank  for  filtered  water,  also  in  the  basement  of  the  head- 
house,  is  built  of  wrought  iron  in  two  compartments  and  is  of  10  000 

galls,  capacity. 

The  three  pumps  in  the  same  location  have  the  following  dimen- 
sions :  Two  Worthington  compound  duplex  pumps.  10-in.  high-pi 
ure  and  16-inch  low-pressure  cylinders.  8-in.  water  plunger  and  10-in. 
stroke  :  and  one  Worthington  fire  pump.  17-in.  steam  cylinder.  10-in. 
water  plunger  and  15-in.  stroke,  the  pumps  being  connected  so  that 
they  can  be  operated  either  separately  or  together. 

The  tanks  in  the  attic  are  of  wrought  iron  and  have  a  capacity  of 
27  600  oralis.  Fire  nozzles  are  provided  in  the  various  stories  of  the 
building  at  convenient  points  and  are  supplied  directly  from  the  tanks. 
as  well  as  from  the  fire  main,  being  so  controlled  by  check  valves  that 
when  the  fire  main  is  in  service  the  high  pressure  from  the  pumps  can 
be  utilized  automatically.  The  cistern  in  the  power-house  is  of  brick. 
laid  in  cement,  and  is  9  ft.  in  diameter  and  13  ft.  deep.  It  is  fed  by  a 
supply  from  the  city  mains.  Connected  with  this  cistern  are  two 
Worthington  duplex  pumps,  having  7;-in.  steam  cylinders.  7-in.  water 
plungers  and  a  10-in.  stroke,  and  a  pressure  tank  3  ft.  in  diameter  and 
12  ft.  long. 

Drainage. — Drainage  wells  are  provided  for  all  wastes  draining 
below  the  levels  of  the  city  sewers,  and  steam  pumps  to  discharge  their 
contents  into  the  sewers. 

7'7  Storage. — It  has  already  been  stated  that  the  basement  or  cellar 
under  the  market-house  is  occupied  by  cold  storage  rooms.  The  space 
between  the  exterior  walls  and  the  first  row  of  pier  columns,  all  around 
the  basement,  is  reserved  as  a  wide  passageway,  and  under  its  floor 
is  a  duct  to  carry  service  pipes  from  the  tunnel  to  elevators,  etc..  as 
previously  described.  The  whole  of  the  area  inside  of  the  outer 
rows  of  pier  columns  is  intended  to  be  ultimately  filled  with  cold 
storage  rooms  and  corridors,  and  the  air-locks  in  connection  with 
them.     At  present  about  two-thirds  of  the  space  is  so  occupied.     The 
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total  oapacitj  of  the  various  rooms,  when  complete,  will  be  ">77  9 i,(  on. 
it  .  and  of  the  oorridora  68  160  on.  ft.  There  are  already  constructed 
236  460  on,  ft.  of  rooms  and  18  740  on.  ft.  of  corridors.  The  rooms 
of  different  sizes,  varying  fr&n  abonl  5  000  to  L7  000  on.  ft.  eachrand 
have  a  clear  height  cinder  the  drip-boards,  near  the  ceiling,  of  6ft.  9 
ins.  Th<-\  are  arranged  to  be  used  a!  differenl  temperatures 
from  3  to  44  Eahr.,  and  were  oonstrncted  for  a  test  temperature  of 
5  above  zero  as  a  maximum  which  had  to  be  maintained  throughout 
the  entire  system  of  empty  rooms  for  at  Least  36  continuous  hours  in 
the  months  of  June,  July  or  August.  Particular  care  must  be  taken  in 
the  construction  of  such  rooms,  to  arrange  that,  when  in  use.  the  air 
in  them  shall  be  kept  very  dry.  This  is  satisfactorily  accomplished 
by  means  of  air-locks  having  doors  closing  automatically.  The  freez- 
ing-rooms are  each  provided  with  five  such  air-locks  and  the  other 
rooms  with  three  or  four,  as  may  be  necessary  (see  Plate  I). 

The  lumber  used  in  the  construction  of  these  rooms  is  dressed 
spruce,  a  material  that  does  not  communicate  any  taste  to  articles 
placed  in  storage.  The  outside  partitions  and  ceilings  have  six  thick- 
nesses of  boards  with  two  air  spaces  of  1  in.  each,  and  the  inside  and 
cross-partitions  have  generally  four  thicknesses  of  boards,  with  one 
air  space  of  4  ins. ,  except  for  freezing  rooms,  where  they  are  like  the 
exterior  walls.  Partitions  for  swinging  doors  in  corridors  and  vesti- 
bules have  two  thicknesses  of  boards,  one  vertical  and  one  horizontal, 
without  any  air  space,  nailed  to  2x4  in.  studs  and  inter-ties.  The 
boards  in  all  cases  are  thus  arranged  in  pairs,  and  between  the  boards 
of  each  pair  there  are  three  layers  of  red  Neponset  paper,  1  oz.  per 
square  foot,  with  3-in.  lapped  joints.  All  air  spaces  are  divided  by 
strips  forming  cells  to  prevent  circulation  of  air.  and  in  the  ceiling  to 
form  nailing  pieces  for  boarding. 

The  floor  is  of  asphalt,  J  in.  thick,  laid  on  a  concrete  base.  Cement 
curbs  are  formed  for  the  partitions  and  doorways,  overlaid  with 
asphalt,  made  airtight  and  protected  at  the  doorways  by  wrought  iron 
plate  coverings  set  in  the  asphalt.  All  sills  for  partitions  are  bedded 
in  asphalt.  Secondary  floors  of  spruce  are  laid  in  the  freezing-rooms 
over  the  asphalt  with  an  air  space  between. 

The  doors  to  cold  storage  rooms  are  built  over  an  inside  frame 
of  stiles  and  rails  If  ins.  thick,  paneled  flush  with  narrow  matched 
|-in.   boards    rabbeted    in   and  having  three  layers   of   red  Neponset 
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paper  underneath,  the  joint  between  boards  ami  frame  being  calked 
tight.  Three  Layers  of  the  same  paper  are  placed  <>n  both  sides  of  the 
doors,  and  secured  by  canvas  covering  over  felt  edging;  outside  stiles 
and  rails  are  then  put  on  and  diagonal  boarding  cut  in  between. 

The  corridor  doors  are  made  of  lf-in.  matched  boards,  planed  and 
beaded,  with  all  outside  edges  rounded,  secured  together  by  l-in.  ash 
battens,  placed  on  both  sides  and  having  galvanized  iron  clinch  nails 
passing  through  both  battens.  Particular  care  has  been  taken  in  the 
construction  of  the  frames  for  the  doors  and  in  hanging  them  to  pre- 
vent the  admission  of  air  around  them.  The  edges  of  the  doors  are 
beveled  and  the  felt  on  them  secures  tight,  close  fitting  when  the  doors 
are  shut.  All  doors  are  double,  and  air-lock  doors  are  double  swing. 
Overhead  wTrought-iron  tracks  for  handling  and  transporting  ma- 
terial for  storage  are  provided  throughout  certain  of  the  rooms  and 
corridors.  They  are  carried  by  hangers,  made  perfectly  level  and  fur- 
nished with  swinging  bars,  hinged  at  one  end,  as  switches,  so  that 
change  may  be  made  to  any  track  desired.  No  curve  is  used  of  less 
radius  than  7  ins.,  and  the  rollers  for  the  tracks  are  made  as  large  as 
practicable,  the  wheels  being  of  cast-iron  and  the  frames  and  hooks  of 
wrought  iron. 

Drip-boards  are  formed  of  two  §  -in.  thicknesses  of  spruce,  each  planed 
and  matched,  laid  in  opposite  directions  and  having  three  sheets  of  Ne- 
ponset  paper  between  them.     On  these  are  f -in.  battens,  both  crosswise 
and  lengthwise,  with  three  additional  layers  of  Neponset  paper  on  top. 
A  second  set  of  crosswise  battens  is  then  placed   over  the  first,  with 
corrugations  cut  in  them;  and  on  these  galvanized  corrugated  iron  is 
laid,  another  batten  being  placed  at  the  upper  end,  also  cut  to  suit 
the  corrugations,  to  keep  the  iron  in  place.     Angle  irons  are  used  un- 
derneath for  additional  stiffening.     The  boards  are  fastened  together 
with  galvanized  iron  clinch  nails,  and  the  corrugated  iron  is  secured 
by  rivets.     The  drip-boards  are  hinged  at  the  lower  end  and  secured  by 
hooks  at  the  upper  end.     They  have  a  fall  of  about  1  in  60.     Gutters 
are  placed  at  the  lower  ends  of  the  drip -boards,  formed  of  spruce  with 
white  lead  joints.     They  connect  with  gutters  at  the  ends  of  the  rooms, 
and  from  these  2-in.  wrought-iron  water  pipes  pass  through  the  parti- 
tions to  the  corridors  or  vestibules,  provided  with  bends  and  check 
valves  on  the  outside  where  the  drip   can  be  collected  in  buckets. 
Every  care  is  taken  to  calk  all  openings  and  make  them  thoroughly  air- 
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tight;  all  those  for  track  hangers  are  protected  from  leakage;  all  drip- 
boards  abutting  against  oolumns  hare  curbs  to  prevenl  water  from 
running  down  the  oolnmn,   and  there  are  innumerable  details  thai 

cannot  be  stated  in  this  paper. 

The  temperatures  in  the  various  rooms  are  maintained  within  2  of 
that  required  for  the  various  conditions,  which,  as  already  stated,  vary 
from  3  to  U  \  Brine  isused  for  cooling  the  rooms  and  is  circulated  in 
coils  of  1$  ins.  diameter  through  wrought-iron  pipes,  there  being  at 
least  four  independent  coils  in  each  room;  they  are  usually  placed 
overhead  above  the  drip-boards,  the  latter  aiding  to  induce  a  circula- 
tion of  the  air.  The  coils  are  so  arranged  that  the  entire  content  of 
the  room  is  equally  cooled  with  one  or  more  coils  in  service,  and  gen- 
erally there  is  an  area  of  cooling  surface  equal  to  the  square  feet  of 
ceiling  in  the  room,  an  increase  beyond  this  being  made  in  the  freez- 
ing-rooms to  meet  requirements.  The  refrigerating  apparatus  consists 
of  ammonia  compressors,  ammonia  condensers,  brine  tanks,  brine 
pumps  and  mains.  The  apparatus,  except  the  mains,  is  in  dupli- 
cate. 

The  condensing  pressure  for  the  ammonia  is  145  lbs.  per  square 
inch  and  the  evaporating  pressure  for  the  ammonia  is  5  lbs.  per  square 
inch.  The  difference  of  temperature  between  initial  and  waste  water 
in  the  condensers  is  1CP  Fahr.,  and  the  difference  of  temperature  be- 
tween the  initial  and  return  brine  is  3. 

There  are  two  vertical  Boyle  ammonia  compressors  specially 
designed  for  this  plant,  each  having  a  capacity  for  refrigeration  equal 
to  75  tons  of  melting  ice  in  24  hours.  Each  compressor  has  two  single- 
acting  ammonia  cylinders  of  15  in.  diameter  and  30-in.  stroke,  driven  by 
a  Corliss  engine,  with  20-in.  cylinders,  36-in.  stroke,  and  two  fly-wheels 
of  8  ft.  diameter.  The  shaft  of  the  engine  is  10  ins.  in  diameter,  and  the 
speed  60  revolutions  per  minute,  giving  83  rated  H.  P.  with  80  lbs. 
steam  pressure,  and  one-fourth  cut  off. 

There  are  three  independent  submerged  wrought-iron  condenser 
tanks,  each  containing  7  865  lin.  ft.  of  1-in.  pipe,  and  three  wrought- 
iron  brine  tanks,  insulated  with  ground  cork  and  finished  with  pine, 
having  a  total  capacity  of  67  700  galls,  and  containing  35  788  lin.  ft.  of 
1-in.  pipe.  The  pipe  coils  in  the  condensers  and  brine  tanks  are 
arranged  in  sections  with  valves,  so  that  any  coil  may  be  removed  and 
cleaned  or  repaired  without  placing  the  tank  out  of  commission.     The 
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brine  is  pumped  to  the  cold  storage  rooms  by  two  Snow  duplex  steam 
pumps,  having  14-in.  steam  cylinders,  12-in.  water  plungers  and  14-in 
stroke. 

Insulation. — All  high-pressure  steam  pipes  (that  is,  carrying  a 
pressure  of  100  lbs.  above  the  atmosphere)  are  covered  with  magnesia 
sectional  covering  2  ins.  thick,  and  all  low-pressure  and  exhaust  pipes 
with  the  same  kind  of  covering  1  in.  in  thickness.  The  brine  mains 
have  the  patent  covering  of  Macau  &  Company,  of  Philadelphia,  consist- 
ing of  3  ins.  of  hair  felt,  in  two  layers  of  lj  ins.  each,  breaking  joint, 
each  layer  being  coated  with  a  preparation  of  gutta-percha,  and  the 
whole  covered  with  waterproof  paper  and  painted  canvas.  The  insula- 
tion has  proved  very  satisfactory.  The  two  6-in.  steam  mains  from  the 
boilers  to  the  head-house,  although  they  run  a  distance  of  1  200  ft.,  of 
which  185  ft.  is  in  the  tunnel  carrying  at  the  same  time  two  8-in.  brine 
mains,  show  no  appreciable  difference  in  pressure  in  the  head-house, 
and  the  difference  in  temperature  of  the  brine  is  but  3°  between  the 
the  initial  and  return.  No  ice  or  moisture  forms  on  the  brine  pipe 
covering  throughout  its  entire  length. 

As  a  matter  of  interest,  it  may  be  stated  that  the  average  daily  con- 
sumption of  coal  for  the  entire  plant  of  the  station  from  January  1st, 
1894,  to  May  1st,  1895,  was  as  follows : 


1894. 

Tons. 

January 30. 3 

February 37. 1 

March 32.4 

April 28.7 

May 33.7 

June 26. 6 

July 32 

August 40 

September 30 

October 38 

November 40 

December 45 


1895. 

Tons. 

January 46 

February 52 

March 42 

April 35.8 


It  is  to  be  noted  that  the  large  increase  of  coal  consumption  in 
August,  1894,  is  partially  due  to  dirty  boilers  and  partially  to  the  fact 
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that  Bteam  was  supplied  for  an  Lee  planl  placed  in  fche  power-house  fco 
furnish  Lee  for  use  in  passenger  cars,  etc.  The  various  tests  of  boiler 
evaporation  gave  the  following  results,  the  ftrsl  two  having  already 
bees  noted  under  boilers: 

Firs/.    -February  25th,  L893,  clean  boilers,  fires  forced,  9.74  Lbs. 

water  from  and  at  '2\'l    Fahr.  per  pound  of  combustible. 
Second. — April 29th,  L893,  clean  boilers,  tires  not  forced,  9.90  lbs. 

water  from  and  at  212°  Fahr.  per  pound  of  combustibl* 
Third.— July  18th,  1894,  dirty  boilers,  fires  not  forced.  8.62  Lbs. 

water  from  and  at  212°  Fahr.  per  pound  of  combustible.! 
Fourth. — July  19th,  1894,  dirty  boilers,  fires  not  forced,  9.60  lbs. 

water  from  and  at  212°  Fahr.  per  pound  of  combustible,  f 
Fifth.—  July  25th,  1894,  dirty  boilers,  fires  not  forced,  9.38  lbs. 

water  from  and  at  212°  Fahr.  per  pound  of  combustible.  % 

Plate  IV,  Fig.  1,  is  interesting  as  showing  the  work  of  construc- 
tion of  the  building  in  progress.  The  end  at  Arch  Street  was  being 
painted  while  the  foundations  towards  Market  Street  were  still  being 
dug  out,  and  the  train-shed  roof  only  partially  erected.  At  the  same 
time,  the  market  under  the  train-shed  floor  was  occupied  and  in  use. 
Plate  IV,  Fig.  2,  is  an  exterior  view  of  the  station  building. 

Cost  of  the  Buildings. — As  a  general  rule  it  is  rather  a  delicate  matter 
with  the  engineer  or  architect  to  make  mention  of  the  cost  of  the  work 
under  his  charge,  as  it  involves  questions  in  confidence  between  him- 
self and  his  client.  The  subject,  however,  is  one  of  special  interest  to 
the  professional  man,  and  it  is  felt  that  no  confidence  is  violated  in 
giving  the  following  general  information. 

The  cost  of  the  head-house  proper,  exclusive  of  heating,  electric 
lighting,  elevators,  water  supply,  pumping,  filters  and  other  appur- 
tenances to  these  special  items,  was  $35. 95  per  square  foot  of  superficial 
area,  or  23.1  cents  per  cubic  foot  of  content,  computed  between  outside 
faces  of  exterior  Avails  and  from  cellar  floor  to  top  surface  of  roof.  The 
train-shed  and  lobby,  including  the  foundations,  the  cold  storage  cellar 
and  rooms,  the  tunnels,  the  market  house  with  stalls  and  all  fixtures, 
and  the  restaurant,  but  excluding  brine  pipes  in  cold  storage  rooms, 
electric  lighting,  heating,  elevators  and  water  supply,   was  $8.53  per 

*  lied  ash  pea  coal,  Lykens  Valley. 

t  White  ash  buckwheat  coal,  St.  Clair  mine. 

%  White  ash  pea  coal,  St.  Clair  mine. 
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square  foot  of  surface  covered.  The  structural  irou  work  of  the  roof 
to  the  train-shed  cost  $1  15  per  square  foot  of  surface  covered. 

There  were  885  scale  and  '225  full-size  drawings  made  for  the 
buildings,  including  the  Spring  Garden  Street  station  and  the  engine 
houses,  as  well  as  500  drawings  for  the  railroad  work,  a  total  of  1  610 
drawings.  There  were  over  7  000  blue  prints  made  from  these 
drawings  for  use  on  the  work. 

In  the  execution  of  this  work  by  the  firm  of  Wilson  Brothers  k 
Company  as  engineers  and  architects,  John  A.  Wilson,  M.  Am.  Soc. 
C.  E.,  acted  as  chief  engineer  for  the  entire  operation,  taking  par- 
ticular charge  of  the  railroad  work,  and  having  William  H.  Millard 
as  principal  assistant.  He  also  superintended  all  of  the  construction, 
including  the  buildings  as  well  as  the  railroad  lines.  Joseph  M. 
Wilson,  M.  Am.  Soc,  C.  E.,  and  Henry  W.  W7ilson,  M.  Am.  Soc.  C.  E., 
together  with  Howard  S.  Richards  as  principal  assistant,  designed 
and  had  charge  of  the  bridges,  roof  and  all  structural  work.  Henry 
A.  Macomb  and  Joseph  M.  Wilson,  with  John  J.  Dull  as  principal 
assistant,  designed  and  had  charge  of  the  architectural  work. 
Charles  G.  Darrach,  M.  Am.  Soc.  C.  E.,  with  Robert  C.  Clarkson, 
Jun.  Am.  Soc.  C.  E.,  as  principal  assistant,  designed  and  had  charge 
of  all  the  mechanical  engineering  work,  including  the  electric  lighting 
and  refrigerating  plants,  and  all  other  machinery. 
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APPENDIX  I. 

SPECIFICATIONS  FOR  THE  EXCAVATION  AND  MASONRY  <>N 

THE   PHILADELPHIA   AND   HEADING   TERMINAL 

RAILROAD  COMPANY'S  LINES  IN  THE 

CITY  OF  PHILADELPHIA. 


The  structure  of  the  Philadelphia  and  Reading  Terminal  Railroad 
(excepting  where  constructed  of  iron)  will  generally  consist  of  two 
n  taming  walls  parallel  with  the  center  line  of  the  road,  and  abut- 
ment walls  at  the  street  crossings,  built  on  the  street  lines.  The  area 
enclosed  by  these  walls  will  be  rilled  hereafter  with  material  suitable 
for  embankment.  In  special  cases  piers  of  masonry  will  be  built  to 
carry  the  iron  superstructure.  These  walls  will  be  built  in  the  posi- 
tions and  of  the  heights  shown  by  the  maps  and  profiles,  and  of  the 
thickness,  form  and  dimensions  shown  by  the  drawings  to  be  hereafter 
prepared  to  suit  the  various  places.  The  profiles  and  drawings  exhib- 
ited at  the  letting  of  the  work  are  general  ones,  and  will  be  modified 
by  the  engineers  as  occasion  may  require. 

In  addition  to  the  masonry  for  the  structure  proper,  there  will  be 
foundation  piers  for  iron  columns,  masonry  for  street  bridges  over  the 
railroad,  etc. ,  all  of  which  are  intended  to  be  covered  by  this  specifi- 
cation. In  the  case  of  foundations  for  columns,  anchor  bolts  are  to 
be  built  into  the  masonry,  and  cap-stones  are  to  be  provided  as  indi- 
cated by  the  detailed  drawings. 

There  will  be  two  distinct  classes  of  masonry,  viz. :  first-class  rock 
range  work,  which  will  generally  be  used  for  abutments,  piers  and 
foundations  of  columns;  rubble  work,  which  will  generally  be  used  for 
retaining  walls. 

The  engineer  will  designate  what  class  of  masonry  is  to  be  used  at 
each  place,  and  the  right  is  reserved  to  use  either  first-class  masonry 
or  rabble  work  in  any  position  at  the  discretion  of  the  engineer. 

All  materials  used  throughout  must  be  the  best  of  their  respective 
kinds,  and  the  entire  work  is  to  be  constructed  and  finished  in  every  part 
in  a  good,  substantial  and  workmanlike  manner,  according  to  the 
drawings  and  these  specifications,  to  the  full  extent  and  meaning  of 
the  same,  and  to  the  entire  satisfaction,  approval  and  acceptance  of 
the  engineer,  and  under  the  supervision  and  directions  of  such  agent 
as  he  may  appoint. 

Alterations. — It  is  understood  that  the  company  shall  have  the  right 
to  make  any  alterations,  additions  or  omissions  of  work  or  materials 
herein  specified  or  shown  on  the  drawings,  during  the  progress  of  the 
work,  that  they  may  find  to  be  necessary,  and  the  same  shall  be 
acceded  to  by  the  contractor  or  contractors,  and  carried  into  effect 
without  in  any  way  violating  or  vitiating  the  contracts. 

Also,  that  "any  disagreement  or  difference  between  the  company  and 
contractor,  upon  any  matter  or  thing  arising  from  these  specifications 
or  the  drawings  to  which  they  refer,  or  the  kind  or  quality  of  the  work 
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required  thereby,  shall  be  decided  by  the  engineer,  whose  decision 
and  interpretation  of  the  same  shall  be  considered  rinal,  conclusive 
and  binding  upon  both  parties. 

of  Finished  Work. — Particnlai  cart-  most  be  taken  by  the  con- 
tractor of  all  the  finished  work  as  the  walls  progress,  which  work  must 
be  thoroughly  protected  from  injury  or  defacement  during  the  erec- 
tion and  completion  of  the  walls. 

Removal  of  Rubbish,  Etc. — All  refuse  material  and  rubbish  that  may 
accumulate  during  the  progress  of  the  work  is  to  be  removed  from 
time  to  time,  as  maybe  directed  by  the  agent  in  charge;  and  on  the 
completion  of  the  work,  the  streets  and  grounds  must  be  thoroughly 
cleaned  up,  and  the  surplus  material  and  rubbish  removed. 

Risks,  Blame,  Etc. — The  contractor  is  to  assume  all  risks  and  bear 
any  loss  occasioned  by  neglect  or  accident  during  the  progress  of  the 
work,  until  the  same  shall  have  been  completed  and  accepted  by  the 
engineer.  He  is  also  to  assume  all  blame  or  loss  by  reason  of  neglect 
or  violation  of  state,  city  or  district  ordinances,  laws  or  regulations, 
encroachments  upon  neighbors,  or  from  any  other  cause. 

The  engineer  shall  have  full  power,  at  any  time  during  the  prog- 
ress of  the  work,  to  reject  any  materials  he  may  deem  unsuitable  for 
the  purposes  for  which  they  are  intended,  or  which  are  not  in  strict 
conformity  with  the  spirit  of  these  specifications.  He  shall  also  have 
the  power  to  cause  any  inferior  or  unsafe  work  to  be  taken  down  and 
altered  at  the  cost  of  the  contractor. 

Excavation  of  Foundation*. — The  excavation  of  foundation  trenches 
shall  be  done  as  the  work  requires,  and  the  materials  taken  from  the 
trenches,  excepting  that  needed  for  refilling  alongside  of  walls,  shall 
be  deposited  at  such  places,  in  the  area  enclosed  by  the  walls,  or  else- 
where, as  the  engineer  may  direct  from  time  to  time. 

The  foundation  trenches  will  be  excavated  at  least  6  inches  wider 
on  each  side  than  the  width  of  the  masonry,  and  to  such  depth  as  may 
be  directed  by  the  engineer.  Generally,  the  sides  of  the  foundation 
trenches  will  be  excavated  vertically,  and  the  contractor  must  provide 
such  shoring  as  may  be  necessary  to  prevent  caving  of  the  sides  of  the 
trenches  until  the  masonry  is  built.  In  special  cases  where,  in  the 
judgment  of  the  engineer  in  charge,  the  nature  of  the  material  or 
the  special  circumstances  existing  require  that  the  sides  of  the  trenches 
shall  be  sloped,  they  will  be  excavated  in  that  way  to  the  stakes  given 
by  the  engineer.  In  all  cases  the  width,  depth  and  side  slopes  of  the 
trenches  will  be  regulated  by  the  engineer,  and  no  material  excavated 
outside  of  the  lines  given  by  him  will  be  paid  for. 

All  old  wells  and  privies  found  within  the  line  of  the  road-bed 
must  be  thoroughly  cleaned  out  and  filled  up  with  good  material,  and 
where  such  wells  occur  under  walls,  they  must  be  also  properly  arched 
over. 

When  the  foundation  masonry  has  been  built,  the  spaces  between 
the  walls  and  the  sides  of  the  excavation  must  be  carefully  and  thor- 
oughly refilled  to  the  height  of  the  adjacent  surface. 

All  excavation  of  foundation  trenches  will  be  estimated  and  paid 
for  by  the  cubic  yard,  measured  in  the  excavation,  which  price  will 
include  refilling  the  trenches  alongside  the  walls,  the  furnishing  of 
timber  for  shoring,  pumping  water,  the  depositing  and  spreading  of 
the  excavated  material,  as  may  be  directed  by  the  engineer  in  charge, 
and  all  incidental  work  and  expenses  connected  therewith. 

Foundations. — Where  good,  solid,  natural  foundations  can  be  had, 
the  masonry  will  be  built   on  the  same.     If,  in  the  judgment  of  the 
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engineer,  the  character  of  the  foundation  requires  it,  concrete  shall 
be  u^'d  to  prepare  a  foundation  for  the  Btone  work.  Such  concrete 
shall  be  formed  of  as  approved,  bard,  durable  stone  broken  into 
angular  fragments  of  a  Bize  to  pasa  through  a  2  -in.  ring,  and  to  l>" 
screened.  The  concrete  shall  consist  of  broken  Btone,  6  parts;  clean, 
sharp,  coarse  Band,  2  parts;  and  first  i,  mil  it  v  Portland  cement,  I  part. 
The  oemenl  and  sand  are  firs!  to  be  Bpread  in  Layers  and  thor- 
oughly mixed  i\\-\  iii  a  l>o\  or  on  a  platform  provided  for  the  purp< 
Tins  mixture  is  then  to  !><•  removed  to  a  1><»\  from  time  to  time  as 

required,  and  made  into  mortar,  siilheient  water  being  added  to  make 
a  Stiff  paste,  after  which  the  broken  stone  is  to  be  added  with  Sufficient 

water  to  bring  the  mass  to  a  proper  consistency,  the  materials  being 
manipulated  as  the  water  is  added,  until  all  are  thoroughly  incorpor- 
ated, and  each  piece  of  stone  is  well  coated  with  the  mortal-,  and  the 
broken  stone  distributed  equally  through  the  entire  mass.  This  con- 
crete must  be  placed  in  the  foundation  trench  in  layers  not  over  a 
foot  thick,  tilling  the  whole  width  of  the  trench.  Each  layer  must  be 
well  rammed  until  a  film  of  water  appears  on  the  surface,  but  not 
enough  to  make  it  quake. 

The  concrete  must  not  be  mixed  in  larger  amounts  than  requires 
1  barrel  of  cement  at  a  time,  and  must  be  used  as  mixed,  not  being 
allowed  to  lie  and  then  remixed  with  water.  No  concrete  that  lias 
commenced  to  set  will  be  allowed. 

Masonry  must  not  be  laid  on  concrete  until  it  has  set  firmly  and 
becomes  hard.  Should  special  conditions  require  that  foundations 
be  otherwise  prepared,  the  work  shall  be  done  as  directed  by  the 
engineers. 

B>>bble  Masonry. — All  the  masonry  of  retaining  walls  shall  be 
rubble  work,  laid  with  cement  mortar  in  irregular  courses,  and  will 
consist  of  stones  containing  generally  12  cu.  ft.  each,  so  disposed  as 
to  make  firm  and  compact  work,  and  no  stone  in  the  work  shall  con- 
tain less  than  4  cu.  ft. ,  except  for  tilling  up  the  interstices  between  the 
large  blocks  in  the  heart  of  the  wall;  provided,  however,  that  in 
the  upper  part  of  the  wall,  where  its  thickness  becomes  less  than 
5  ft.,  the  average  size  of  the  stones  shall  be  from  6  to  8  cu.  ft.  to 
suit  the  thickness  of  wall.  At  least  one-fifth  of  each  face  of  the  wall 
shall  be  composed  of  headers  extending  full  size  not  less  than  4  ft. 
into  the  wall  (excepting  where  the  wall  is  less  than  5  ft.  thick,  when 
the  headers  shall  extend  across  two-thirds  of  the  width  of  the  wall)  so 
arranged  that  a  header  in  one  face  shall  be  between  two  headers  in 
the  opposite  face.  When  the  headers  from  the  two  faces  do  not  inter- 
lock, stones  not  less  than  4  ft.  long  shall  be  laid  transversely  in  the 
heart  of  the  wall  to  connect  the  two  opposite  sides.  If,  in  the  progress 
of  the  work,  an  increase  in  the  number  of  headers  specified  should  be 
required  by  the  engineer,  such  additional  number  as  he  shall  desig- 
nate shall  be  laid  in  the  work.  The  corner-stones  shall  be  neatly 
hammer-dressed  so  as  to  have  horizontal  beds  and  vertical  joints. 

AYhere  the  retaining  Avails  join  the  abutment  walls,  the  stones  must 
be  squared  and  jointed  to  ensure  close  contact,  but  the  retaining  and 
abutment  walls  will  not  be  bonded  together.  The  masonry  must  be 
accurately  built  to  the  lines  and  levels  given  by  the  engineer,  and  the 
exposed  faces  must  be  straight,  true  and  smooth,  without  prominent 
or  sharp  projections  of  the  rock  or  quarry  face  of  the  stone. 

The  stone  used  must  be  first -class  Conshohocken  stone,  or  stone  of 
equal  quality,  to  be  approved  by  the  engineer.  It  must  be  hard  and 
durable,  of  good  size  and  shape,  with  good  natural  beds  suitable  for 
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making  first-class  rubble  work;  no  Btone  in  the  work  to  have  less  bed 
than  face,  and  all  must  be  carefully  bedded  on  their  broadesl  faces,  and 
well  bonded  together. 

The  interior  and  exterior  faces  of  the  wall  above  ground  shall  have 
the  joints  thoroughly  cleaned  out  for  not  less  than  1  in.  in  depth,  and 
they  shall  be  pointed  with  Portland  cement  mortar. 

Retaining  Mails  are  to  be  finished  at  top  with  coping  as  per  draw- 
ings. The  coping  stones  to  be  neatly  dressed,  carefully  bedded  in 
Portland  cement  mortar,  with  grouted  joints,  secured  to  wall  by  dowels, 
and  to  each  other  by  clamps. 

Drainage  openings  are  to  be  made  in  walls,  or  pipes  built  in,  as  may 
be  directed  by  the  engineer. 

First-Class  Masonry. — Abutment  walls  and  piers  shall  be  first-class, 
rock-range  masonry,  of  large-dimension  stones  laid  in  cement  mortar 
and  carefully  grouted.  The  stone  used  to  be  Conshohocken  stone,  or 
stone  of  equal  quality,  to  be  approved  of  by  the  engineer.  The  stone 
to  be  accurately  squared,  jointed  and  bedded  over  their  whole  surface, 
and  laid  in  courses  not  less  than  12  ins.  thick,  nor  exceeding  24  ins. 
thick,  regularly  decreasing  in  thickness  from  bottom  to  top  of  abut- 
ment. The  stretchers  shall  in  no  case  have  less  than  16  ins.  bed,  nor 
less  bed  than  face,  and  shall  generally  be  at  least  4  ft.  long.  The 
headers  shall  be  of  similar  size  with  the  stretchers,  and  shall  hold  the 
size  in  the  heart  of  the  wall  that  they  show  on  the  face,  and  shall 
occupy  at  least  one-fifth  of  the  face  of  the  wall.  When  the  wall  is  too 
thick  to  admit  of  the  headers  interlocking,  stones  not  less  than  4  ft. 
long  shall  be  placed  transversely  in  the  heart  of  the  wall  to  connect 
the  opposite  sides.  The  stones  for  the  heart  of  the  wall  must  be  of 
the  same  thickness  as  those  in  the  face,  bedded  the  same  as  the  face 
stone,  but  not  jointed,  and  must  be  well  fitted  to  their  places,  the  in- 
terstices being  filled  with  sound  stones.  The  abutments  must  be 
finished  with  neatly  cut  coping,  as  per  drawings,  and  the  whole  work 
neatly  pointed  with  cement  mortar. 

N.  B. — The  foundation  masonry  below  ground  will  be  of  same 
quality  and  character  as  the  masonry  above  ground. 

Mortar. — The  mortar  used  for  all  classes  of  masonry  shall  be  fresh 
mixed,  and  composed  of  1  part  by  measure  of  Portland  cement  of 
approved  quality  and  2  parts  of  clean,  sharp  sand.  The  cement  and 
sand  shall  be  thoroughly  mixed  together  dry,  and  a  portion  of  the 
mixture  be  worked  up  with  water  fcr  immediate  use,  as  may  be  needed 
from  time  to  time.  No  cement  mortar  shall  be  used  that  has  been 
mixed  with  water  more  than  10  minutes,  and  no  cement  mortar  shall 
be  worked  over  a  second  time. 

The  sand  used  must  be  sharp,  clean  and  entirely  free  from  mica, 
loam,  clay  or  other  impurities. 

All  cement  used  for  mortar  or  grouting  shall  be  first  quality  Amer- 
ican, English  or  German  Portland,  and  shall  be  subject  to  the  tests 
described  in  the  Standard  Specification  of  Wilson  Brothers  &  Co.  for 
cements,  hereunto  attached,  and  which  are  hereby  made  a  part  of  this 
specification.  • 

General  Conditions. — Particular  care  must  be  taken  in  selecting  the 
stone  for  the  exposed  faces  of  the  walls  above  ground.  Masonry  must 
not  be  laid  in  hard-freezing  weather,  and  work  left  standing  over  winter 
must  be  covered  up  and  protected.  All  masonry  will  be  paid  for  by 
the  cubic  yard  of  27  cu.  ft.,  engineer's  measurement,  of  actual  cubic- 
content,  without  regard  to  any  measurers  or  trade  rules  or  customs  of 
measurement,  and  all  measurements  and  calculations  of  quantities  will 
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be  made  by  the  engineer  in  charge  of  the  work.  The  price  paid  per 
cubic  yard  shall  in  every  case  include  the  furnishing  ox  all  materials 
and  Labor,  all  the  expense  of  delivering  the  materials,  and  the  oosi  of 
all  Boaffolding,  shoring,  derricks,  tools,  etc.,  and  all  expenses  and  risks 
of  every  kind. 

Especial  care  must  be  taken,  and  every  precaution  used  during  the 
progress  of  the  work,  to  protect  the  streets  and  to  avoid  injury  or 
Inconvenience  to  persons  passing.     Where  the  abut nt  or  other  walls 

front  on  streets,  on  the  completion  of  each  wall  the  sidewalk  must  be 
restored  and  repaved,  and  curbs  reset  (if  they  have  been  disturbed) 
and  be  left  in  good  condition.  Where  any  of  the  walls  come  (dose  to 
adjoining  properties,  t  he  necessary  precaul  ions  must  be  taken  to  ensure 
the  safety  of  adjoining  buildings,  and  the  foundation  walls  of  such 
building  must  be  underpinned  if  necessary  to  protect  them.  The 
contractor  must  assume  all  responsibility  for  injury  to  persons  or 
property.  When  directed  by  the  engineer,  temporary  openings  must 
be  arranged  for  in  the  walls  to  admit  of  the  taking  in  of  filling  materia] 
for  the  embankment. 

No  charge  shall  be  made  by  the  contractor  for  hindrances  or  delay, 
from  any  cause,  in  the  progress  of  any  portion  of  the  work  in  this 
contract,  but  it  may  entitle  him  to  an  extension  of  time,  allowed  for 
completing  the  work,  sufficient  to  compensate  for  the  detention,  to  be 
determined  by  the  Chief  Engineer,  provided  he  shall  give  the  engineer 
in  charge  immediate  notice,  in  writing,  of  the  cause  of  the  detention. 

Nor  shall  any  claim  be  allowed  for  extra  work,  nnless  the  same  shall 
be  done  in  pursuance  of  a  written  order  from  the  engineer  in  charge, 
and  the  claim  made  at  the  first  settlement  after  the  work  was  executed, 
unless  the  Chief  Engineer,  at  his  discretion,  should  direct  the  claim, 
or  such  part  as  he  may  deem  just  and  equitable  to  be  allowed. 

All  of  the  work  to  be  done  in  the  best  and  most  workmanlike 
manner,  of  approved  materials,  according  to  the  plans  and  drawings, 
and  everything  necessary  for  the  proper  and  complete  execution  of  tire 
said  plans  and  drawings,  whether  the  same  may  have  been  herein 
particularly  specified  or  not,  or  indicated  on  the  plans  referred  to,  to 
be  done  and  furnished  in  a  manner  corresponding  with  the  rest  of  the 
work,  as  well,  as  truly  and  as  faithfully  as  though  the  same  were  herein 
particularly  described  and  specifically  provided  for. 

Every  part  of  the  work  to  be  executed  under  the  direction  and 
subject  to  the  approval  of  the  engineer,  to  whom  all  questions  relating 
to  the  intent  and  meaning  of  the  plans,  drawings,  specifications,  or  of 
the  kind  or  quality  of  the  materials  and  work  required  thereby,  shall 
be  referred,  and  his  decision  shall  be  final,  conclusive,  and  without 
appeal. 

Excavation  of  foundations  will  be  paid  for  by  the  cubic  yard. 

All  masonry,  including  coping,  will  be  paid  for  by  the  cubic  yard, 
the  coping  being  measured  in  as  part  of  the  wall  to  which  it  belongs. 

Concrete  in  foundations  will  be  paid  for  by  the  cubic  yard. 

Special  work  that  cannot  be  determined  in  advance,  such  as  clean- 
ing and  arching  privies  and  wells,  underpinning  foundations  of  ad- 
jacent buildings,  etc.,  will  be  paid  for  at  engineer's  estimate,  viz.,  cost; 
with  105V  added  for  superintendence  and  use  of  tools. 

Philadelphia,  February  24th,  1891. 
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SUPPLEMENTAL      SPECIFICATIONS     FOR     ARCH     BRIDOl^ 
OYER  STREETS   BETWEEN  CALLOWHILL  AND  ARCH 
STREETS,  ON  THE  LINE  OF   THE  PHILADEL- 
PHIA    AND     READING     TERMINAL 
RAILROAD. 


Arch  bridges  are  to  be  built  according  to  the  detailed  plans  fur- 
nished and  under  the  specifications  for  the  Reading  Terminal  masonry, 
dated  February  24th.  1891,  so  far  as  the  same  will  apply,  the  same 
being  supplemented  as  hereinafter  stated. 

Arches  proper  to  be  of  brick,  as  per  drawings.  The  brick  to  be 
the  best  quality  of  straight,  hard-burned,  hand-made  brick.  No  bats, 
salmon  or  soft  brick  of  any  grade  will  be  allowed.  The  brickwork  will 
be  laid  in  cement  mortar,  with  joints  not  exceeding  i  in.,  and  with  snch 
bond  as  the  engineer  may  direct.  The  bricks  at  the  time  of  laying  to 
be  well  wet,  the  cement  mortar  to  be  thin  and  freshly  mixed,  the  cross- 
joints  to  be  carefully  filled,  and  each  course  to  be  thoroughly  grouted. 
The  several  courses  of  brick  at  the  crown,  forming  the  key,  to  be  laid 
close,  with  very  thin  joints,  and  thoroughly  grouted. 

The  face  of  the  arch  will  be  formed  of  ring  stones  composed  of 
alternate  long  and  short  bond  stones,  not  less  than  3  ft.  and  18  ins. 
respectively,  neatly  cut  to  a  pattern.  Ring  stones  to  be  of  Leiperville, 
Conshohocken  or  Port  Deposit  stone,  as  directed.  The  exposed  face 
on  the  facade  to  be  quarry  face  with  a  draft  line  all  round  each  stone. 
Parapet  or  facade  masonry  to  be  first-class  rock  range  work,  as 
specified  in  the  general  specifications  for  piers  and  abutments.  Similar 
masonry  to  be  used  on  the  street  fronts  of  abutments,  with  the  stones 
forming  the  continuation  of  the  arch  in  the  interior  of  the  walls,  to 
be  arranged  as  shown  on  drawings,  all  neatly  and  accurately  cut. 
coping  to  be  as  per  drawings. 

The  foundations  below  the  first-class  work  will  be  concrete  and 
rubble  work  as  per  drawings.  The  backing  over  the  arch  and  por- 
tions of  abutments  above  the  arch  line  to  be  rubble  work  as  per  draw- 
ings, the  stones  where  they  join  the  brickwork  to  be  laid  in  close  to 
the  arch.  All  the  rubble  work  to  be  first  class,  closely  laid,  of  large 
stones,  and  thoroughly  grouted.  The  whole  work  to  be  laid  in  mortar 
composed  of  2  parts  of  clean  sharp  sand  and  1  part  of  best  American 
Portland  cement,  of  approved  quality,  except  brickwork,  which  shall  be 
laid  in  mortar  of  best  imported  Portland  cement.  Bar  sand  to  be  used 
for  mortar  in  brickwork.  Grout  to  be  of  same  cement  and  sand,  and 
with  same  proportions. 

The  whole  work  to  be  finished  in  a  good  and  workmanlike  manner, 
so  as  to  be  impervious  to  water.  All  exposed  faces  of  brick  and  stone 
work  to  be  neatly  pointed  with  Portland  cement  mortar.  Cast-iron 
drain  pipes  are  to  be  built  in  the  walls  as  directed,  and  the  npper  sur- 
face of  masonry  to  be  covered  with  two  layers  of  Neuchatel  asphalt 
covering,  each  layer  1  in.  thick. 

The  price  paid  for  the  masonry  per  yard  will  be  for  all  complete, 
from  the  bottom  of  the  excavation  (including  concrete),  and  will  cover 
centering  and  all  incidental  expenses,  except  the  drainage  pipes  and 
asphalt  covering,  which  shall  be  paid  for  at  engineer's  estimate. 

Philadelphia,  August  3d,  1891. 
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APPENDIX   II. 

PHILADELPHIA    AND    READING    TERMINAL    KAILPOAD 


The  iron  construction  on  this  road  will  consist  of  the  following 
si  met  ores  : 

First. — Plate-girder  deck  bridges  over  streets  from  Arch  to  Callow- 
hill,  for  four  or  more  tracks,  as  shown  by  the  detailed  plans  of  the 
road. 

Second. — On  the  branch  from  Callowhill  near  Twelfth  Street,  to 
Broad  and  Noble  Streets,  deck  plate-girder  construction  for  two 
tracks,  as  shown  by  general  drawings,  from  Callowhill  Street  to  a 
2)oint  west  of  Twelfth  Street  ;  iron  construction  of  columns  and  gird- 
ers to  Thirteenth  Street,  and  a  plate-girder  with  floor  on  lower  chorda 
over  Thirteenth  Street. 

Third. — From  near  Eleventh  and  Callowhill  Streets,  to  a  j)oint  on 
Ninth  Street  north  of  Green,  iron  construction  of  columns  and  plate- 
girders  for  two  tracks,  with  a  through  truss  bridge  over  Spring  Garden 
Street,  and  plate-girder  with  track  on  lower  chords  over  Green  Street; 
all  as  shown  on  the  general  drawings. 

The  several  structures  must  be  designed  to  suit  the  particular 
localities  which  they  are  to  occupy,  and  for  the  number  of  tracks 
required  at  each  place,  and  must  include  sidewalks  on  each  side  of  the 
structure  for  trainmen.  All  bridges  and  portions  of  iron  construction 
over  streets  must  be  provided  with  acceptable  screens,  arranged  as  per 
general  drawings,  to  guard  the  view  from  the  streets  of  passing  trains, 
and  approved  system  of  deadening  for  floors  must  be  provided  for  the 
full  width  between  house  lines,  over  all  streets.  All  plans  must  con- 
form to  the  requirements  of  the  ordinance  of  City  Councils  permitting 
the  construction  of  the  road,  and  are  subject  to  the  approval  of  the 
Department  of  Public  Works  of  the  City  of  Philadelphia.  The  pro- 
rile  of  the  road  will  show7  the  elevations  of  track  and  the  clearances 
required  at  each  street.  General  drawings  and  specifications  wrill  be 
furnished  on  application  to  the  chief  engineer. 

The  contractor  for  the  iron  work  must  furnish  anchor  bolts  and 
attachments  for  building  into  the  masonry  of  column  foundations, 
with  drawings  for  locating  same.  He  must  also  test  for  himself,  on  the 
ground,  all  measurements  of  spans  of  bridges,  and  distances  between 
column  foundations,  construct  the  iron  work  to  conform  to  same,  and 
be  responsible  for  any  errors  of  measurements  or  variations  that  may 
be  found  in  the  iron  work  when  same  comes  to  be  erected. 

Where  the  line  of  road  is  on  a  curve,  the  proper  elevation  of  the 
outer  rail  (to  be  established  by  the  engineer)  is  to  be  arranged  and 
provided  for,  the  elevation  being  tapered  off  on  the  tangent  as  may  be' 
directed  by  the  engineer. 

The  bridges  and  iron  structure  are  to  be  finished  complete  in  every 
respect,  including  the  wooden  floor  system,  sidewalks  and  railings, 
ready  for  laying  the  rails  of  the  track.  All  iron  work  to  be  painted 
with  three  coats   of  best  white   lead  in  linseed   oil  to  tints  as  mav  be 


w  II.  SOS     OH     RE  \  D]  $Q     I  I  KM  i  \.\  !..  1  73 

directed  by  the  engineer,  It  must  be  understood  that  this  painting 
is  to  be  in  addition  to  the  priming  coat  of  paint  provided  for  in  the 
iron  specification.  All  track  timbers  fco  receive  three  coats  of  red  oxide 
of  iron  paint  in  linseed  oil.     Appropriate  hand-railings  to  be  provided 

at  all  bridges  and  on  iron  construction  for  the  protection  of  trainmen 
using  the  sidewalks. 

All  materials  used  throughout  must  be  the  best  of  their  respective 
kinds,  all  of  the  work  to  be  done  in  the  best,  most  substantial  and 
workmanlike  manner,  according  to  the  plans,  drawings  and  these 
specifications,  to  the  full  intent  and  meaning  of  the  same,  and  every- 
thing necessary  for  the  proper  and  complete  execution  of  the  said 
plans  and  drawings,  whether  the  same  may  have  been  particularly 
specified  or  not,  or  indicated  on  the  plans  referred  to,  to  be  done 
and  furnished  in  a  manner  corresponding  with  the  rest  of  the  work,  as 
well,  as  truly  and  as  faithfully  as  though  the  same  were  herein  par- 
ticularly described  and  specially  provided  for. 

Every  part  of  the  work  to  be  executed  under  the  direction  and  to 
the  entire  satisfaction,  approval  and  acceptance  of  the  engineer,  and 
under  the  supervision  of  such  agent  as  he  may  appoint. 

Bisks,  Blame,  Etc. — The  contractor  is  to  assume  all  risks  and  bear 
any  loss  occasioned  by  neglect  or  accident  during  the  progress  of  the 
work,  until  the  same  shall  have  been  completed  and  accepted  by  the 
Engineer.  He  is  also  to  assume  all  blame  or  loss  by  reason  of  neglect 
or  violation  of  state,  city  or  district  ordinances,  laws  or  regulations, 
encroachments  upon  neighbors,  or  from  any  other  cause. 

Especial  care  must  be  taken,  and  every  precaution  used  during  the 
progress  of  the  work,  to  protect  the  streets  and  to  avoid  injury  or 
inconvenience  to  persons  passing.  The  contractor  must  assume  all 
responsibility  for  injury  to  persons  or  property. 

Alterations.  —  It  is  understood  that  the  company  shall  have  the  right 
to  make  any  alterations,  additions  or  omissions  of  work  or  materials 
herein  specified  or  shown  on  the  drawings,  during  the  progress  of  the 
work,  that  they  may  find  to  be  necessary,  and  the  same  shall  be 
acceded  to  by  the  contractor  or  contractors,  and  carried  into  effect 
without  in  any  way  violating  or  vitiating  the  contracts. 

The  engineer  shall  have  full  power,  at  any  time  during  the  pro- 
gress of  the  work,  to  reject  any  materials  he  may  deem  unsuitable  for 
the  purposes  for  which  they  are  intended,  or  which  are  not  in  strict 
conformity  with  the  spirit  of  these  specifications.  He  shall  also  have 
the  power  to  cause  any  inferior  or  unsafe  work  to  be  taken  down  and 
altered,  at  the  cost  of  the  contractor. 

No  charge  shall  be  made  by  the  contractor  for  hindrances  or  delay, 
from  any  cause,  in  the  progress  of  any  j)ortion  of  the  work  in  this  con- 
tract, but  it  may  entitle  him  to  an  extension  of  time  allowed  for  com- 
pleting the  work  sufficient  to  compensate  for  the  detention,  to  be 
determined  by  the  chief  engineer,  provided  he  shall  give  the  engineer 
in  charge  immediate  notice  in  writing  of  the  cause  of  the  detention. 

Nor  shall  any  claim  be  allowed  for  extra  work  unless  the  same  shall 
be  done  in  pursuance  of  a  written  order  from  the  engineer  in  charge, 
and  the  claim  made  at  the  first  settlement  after  the  work  was  executed, 
unless  the  chief  engineer,  at  his  discretion,  should  direct  the  claim, 
or  such  part  as  he  may  deem  just  and  equitable,  to  be  allowed. 

Any  disagreement  or  difference  between  the  company  and  contractor 
upon  any  matter  or  thing  arising  from  these  specifications  or  the 
drawings  to  which  they  refer,  and  all  questions  relating  to  the  intent 
and  meaning  of  the  plans,  drawings,  specifications,  or  of  the  kind  or 
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quality  of  the  materials  and  work  required  thereby,  shall  be  referred 
bo  ilif  engineer,  and  his  decision  si udl  be  final,  conclusive  and  without 
appeal. 

Parties  making  proposals    I'm-  the   iron    work   must    furnish    sample 

drawings,  showing  the  general  arrangemenl  and  design  which  they 
propose  to  use.  and  all  designs  and  drawings  must  be  subject  to  the 
approval  of  the  chief  engineer. 

Proposals  for  the  work  will  be  made  foi-  the  several  structures 
erected,  in  place,  complete,  ready  for  use,  and  prices  are  to  he  aamed 

per  foot  lineal  of  the  several  structures,  the  Length  to  count  from  center 
to  center  of  end  pins  for  open  truss  bridges,  and  from  out  to  out  for 
plate-girders.  The  masonry  of  abutments,  piers  and  column  founda- 
tions will  be  provided  by  the  railroad  company. 

Bids  must  specify  the  earliest  time  of  completion  if  the  work  is 
commenced  forthwith. 

The  company  does  not  bind  itself  to  accept  the  lowest  or  any  bid. 

May  1st,  1891. 
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APPENDIX  III. 

SPECIFICATION  FOR  THE  FURNISHING,  MANUFACTURE 
AND  ERECTION  OF  STRUCTURAL  IRON  WORK  FOR  THE 
TRAIN-SHEDS,  ETC.,  OF  THE  PASSENGER  STATION  OF 
THE  PHILADELPHIA  AND  READING  TERMINAL  RAIL- 
ROAD COMPANY  AT  TWELFTH  AND  MARKET  STREETS, 
PHILADELPHIA. 


Several  coo  tracts  may  be  made  under  these  specifications  for  dif- 
ferent parts  of  the  work,  in  which  case  special  instructions  to  bidders 
will  be  issued,  with  a  list  of  drawings  pertaining  to  the  particular  let- 
ting and  explanatory  thereof,  which  special  instructions  and  drawings 
will  be  considered  part  of  this  specification. 

Figured  dimensions  shall  in  all  cases  be  taken  in  preference  to  scale 
measurements. 

Additional  Drawings. — Additional  detail  drawings  will  be  furnished 
in  exemplification  of  the  work  from  time  to  time  as  they  may  be  re- 
quired, and  it  is  to  be  distinctly  understood  that  all  such  additional 
drawings  shall  be  of  equal  force  with  those  which  are  herein  specifically 
cited,  and  the  said  additional  drawings  are  to  be  considered  as  virtually 
embraced  within  and  forming  part  of  this  specification. 

General  Conditions. — This  specification  is  intended  to  embrace  all 
the  work  as  specifically  stated  in  the  several  instructions  to  bidders, 
complete  and  ready  for  occupancy,  the  whole  of  said  work  to  be  com- 
prised within  this  specification  for  any  contract  or  partial  contracts 
that  may  be  made  for  the  construction  of  the  same. 

All  materials  used  throughout  must  be  the  best  of  their  resjDective 
kinds,  subject  to  the  inspection  and  approval  of  the  engineers  and  archi- 
tects. The  entire  work  provided  for  in  this  specification  is  to  be  con- 
structed and  finished  in  every  part  in  a  good,  substantial  and  workman- 
like manner,  according  to  the  accompanying  drawings  and  this  specifica- 
tion, to  the  full  intent  and  meaning  of  the  same,  and  everything  neces- 
sary for  the  proper  and  complete  execution  of  the  plans  and  drawings, 
whether  the  same  may  have  been  herein  particularly  specified  or  not, 
or  indicated  in  the  plans  referred  to,  to  be  done  and  furnished  in  a 
manner  corresponding  with  the  rest  of  the  work,  as  well,  as  truly  and 
as  faithfully  as  though  the  same  were  herein  particularly  described 
and  specifically  provided  for. 

The  general  detail  drawings  of  the  structural  iron  work  will  be 
furnished  to  the  contractor,  who  is  to  take  the  same  and  from  them  to 
make  his  own  special  shop  drawings.  These  shop  drawings  must  con- 
form to  the  general  detail  drawings  in  every  particular,  and  are  to  be 
submitted  to  the  engineers  and  architects,  and  to  be  approved  by  them 
before  the  work  is  proceeded  with;  and  said  approval  shall  in  no  way 
authorize  any  change  from  the  said  general  drawings,  unless  such 
change  has  been  specially  agreed  to  and  made  in  the  general  drawings. 
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Pour  ropics  of  each  shop  drawing  are  to  i>e  furnished  to  th<  ei 
and  architects  for  use  in  t  heir  office. 

The  contractor  is  also  to  verify  all  drawings  furnished  him,  so  far 
as  relates  t<>  the  dimensions  and  the  Lnterworking  of  the  various  pari  . 
and  he  is  to  be  responsible  for  the  accuracy  <>f  Ins  own  --Imp  drawi 

in  all  t  heir  details. 

L\.  r\  part  of  the  work  to  be  executed  under  the  direction  and  t<» 
the  entire  satisfaction,  approval  and  acceptance  of  the  engineers  and 
architects,  and  under  the  supervision  and  direction  of  such  agent 
they  may  appoint. 

All  questions  relating  to  the  intent  and  meaning  of  the  plans, 
drawings,  specification,  or  <>l  the  kind  of  quality  of  the  materials  and 
work  required  thereby,  shall  be  referred  to  the  engineers  and  archi- 
tects, and  their  decision  shall  be  final,  conclusive  mid  without  appeal. 

The  contractor  must  be  responsible  for  all  patents,  and  must  pro- 
tect the  railroad  company  against  any  and  all  claims  on  account  of  the 
use  of  the  same. 

A.CC6SS  must  be  allowed  to  the  engineer  and  his  assistants  to  the 
contractor's  working  drawings  and  shops  for  examination  of  details. 

No  charge  shall  be  made  by  the  contractor  for  hindrances  or  delay, 
from  any  cause,  in  the  progress  of  any  portion  of  the  work  in  this  con- 
tract, but  it  may  entitle  him  to  an  extension  of  time  allowed  for  com- 
pleting the  work,  sufficient  to  compensate  for  the  detention,  to  be 
determined  by  the  engineers  and  architects,  provided  he  shall  give 
the  engineer  in  charge  immediate  notice,  in  writing,  of  the  cause  of  the 
detention. 

In  the  case  of  subcontractors,  the  specifications  are  fully  binding  on 
them  in  every  respect,  and  free  access  and  information  is  to  be  given  by 
them  for  thorough  inspection  of  material  and  workmanship,  and  all  re- 
quired test  pieces,  etc.,  properly  shaped,  are  to  be  provided  as  may  be 
requested,  without  charge. 

Any  exceptional  increase  of  cost  of  inspection  of  material  due  to 
location  of  works,  must  be  borne  by  the  contractor. 

All  shipments  of  material  not  properly  inspected  and  passed  are  at 
the  risk  of  the  contractor. 

The  contractor  must  test  the  accuracy  of  the  measurements  as  given 
by  drawings  with  the  actual  foundations  as  provided  on  the  ground  for 
the  structural  iron  work,  so  as  to  satisfy  himself  of  their  correctness 
before  proceeding  with  the  work. 

The  engineers  and  architects  shall  have  full  power  at  any  time  dur- 
ing the  progress  of  the  work  to  reject  any  materials  they  may  deem 
unsuitable  for  the  purposes  for  which  they  are  intended,  or  which  are 
not  in  strict  conformity  with  the  spirit  of  this  specification.  They 
shall  also  have  the  power  to  cause  any  inferior  or  unsafe  work  to  be 
taken  down  and  altered  at  the  cost  of  the  contractor. 

Alterations. — It  is  understood  that  the  company  shall  have  the  right 
to  make  any  alterations,  additions  or  omissions  of  work  or  materials 
herein  specified  or  shown  on  the  drawings,  during  the  progress  of  the 
construction,  that  they  may  desire,  and  the  same  shall  be  acceded  to 
by  the  contractor  or  contractors  and  carried  into  effect  without  in  any 
way  violating  or  vitiating  the  contracts.  If  any  such  changes  are 
made,  the  value  of  the  same  shall  be  decided  by  the  engineers  and 
architects,  who  shall  make  an  equitable  allowance  therefor,  and  shall 
add  the  amount  of  said  allowance  to  the  contract  price  for  the  work  if 
the  cost  of  the  work  has  been  increased,  or  shall  deduct  the  amount 
from  the  contract  price  if  the  cost  of  the  work  has  been  lessened,  as 
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they,  thf  said  engineers  and  architects,  may  deem  just  and  equitable. 

Also,  that  the  railroad  company  will  pay  for  n<>  extra  work  or  ma 
berials,  unless  ordered  by  them  or  their  engineers  and  architects,  with 
their  approval. 

Also,  that  any  disagreement  or  difference  between  the  company  and 
contractor,  upon  any  matter  or  thing  arising  from  this  specification,  or 
the  drawings  to  which  it  lefers.  or  the  kind  or  quality  of  the  work  re- 
quired thereby,  shall  be  decided  by  the  engineers  and  architects,  whose 
decision  and  interpretation  of  the  same  shall  be  considered  final,  con- 
clusive and  binding  upou  both  parties. 

Care  of  Finished  Wo?°k. — Particular  care  must  be  taken  by  the  con- 
tractor of  all  the  finished  work  as  the  building  progresses,  which  work 
must  be  covered  up  and  thoroughly  protected  from  injury  or  deface- 
ment during  the  erection  and  completion  of  the  building. 

Removal  of  Rubbish,  Etc. — All  refuse  material  and  rubbish  that  may 
accumulate  during  the  progress  of  the  work  must  be  removed  from 
time  to  time,  as  may  be  directed  by  the  agent  in  charge,  and  on  the 
completion  of  the  work,  the  building,  streets  and  grounds  must  be 
thoroughly  cleaned  up,  and  the  surplus  material  and  rubbish  removed. 

Risks,  Blame,  Etc. — The  contractor  is  to  assume  all  risks  and  bear 
any  loss  occasioned  by  neglect  or  accident  during  the  progress  of  the 
work,  until  the  same  shall  have  been  completed,  and  accepted  by  the 
engineers  and  architects.  He  must  properly  protect  any  pavements  of 
this  and  adjoining  properties  during  the  progress  of  the  work,  and 
make  good  any  injuries  that  may  have  occurred  to  any  adjoining  build- 
ing in  consequence  of  or  during  the  erection  of  this  work.  He  is  also 
to  assume  all  blame  or  loss  by  reason  of  neglect  or  violation  of  city, 
district  or  state  ordinances,  laws  or  regulations,  encroachments  upon 
neighbors,  or  from  any  other  cause. 

Permits,  Survrys,  Etc. — The  contractor  must  pay  for  all  permits. 
surveys,  inspectors'  fees,  or  any  other  charges  from  borough,  city, 
county  or  state  officers. 

Cast-Iron   Work. 

The  cast-iron  work  to  be  true  and  sound,  free  from  flaws  and  defects 
of  any  kind,  the  material  good  and  tough  and  the  lines  corresponding 
exactly  with  the  drawings.  No  rough  or  crooked  castings  will  be  ac- 
cepted. All  bolt  and  pin  holes  must  be  accurately  drilled  :  all  abutting 
surfaces  must  be  planed,  if  necessary  to  insure  even  bearings  and  neat, 
close  fittings,  and  the  work  must  be  properly  fitted  and  erected. 

\Yrought  Iron. 

All  wrought  iron  shall  be  of  American  manufacture. 

All  iron  to  be  used  in  the  tensile  members  of  open  trusses,  laterals. 
pins,  bolts,  etc.,  must  be  double-rolled  after  and  directly  from  the 
muck  bar  (no  scrap  will  be  allowed),  and  must  be  capable  of  sustaining 
an  ultimate  stress  of  52  000  lbs.  per  square  inch  on  a  full  section  of  test 
piece  with  an  elastic  limit  of  26  000  lbs.  per  square  inch  and  a  mini- 
mum stretch  of  '20%  measured  after  breaking  in  length  of  8  ins. 

All  wrought  iron  not  included  under  above  head  must  be  tough, 
fibrous,  uniform  in  quality  throughout,  free  from  flaws,  blisters  and 
injurious  cracks,  and  must  have  a  workmanlike  finish.  It  must  be 
capable  of  sustaining  an  ultimate  stress  of  48  (00  lbs.  excepting  for 
plates  over  24  ins.  m  width,  which  may  be  46  000  lbs.    per  square  inch 
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on  a  full  section  of  test  pieoe,  with  an  elastic  limit  <>f  iit*>  000  Lbs.   per 
square  inch. 

All  iron  to  be  used  in  tension  or  subjected  to  transA* erse  ts\  i 
oepi  web-plates  .  must  have  a  minimum  stretch,  on  a  Length  oi  8  ins., 
of  l.V0  measured  after  breaking. 

All  iron  to  be  used  in  compression  and  for  web-plates,  of  width  not 
exceeding  24  ins.,  musl  have  a  minimum  stretch  of  H  ),'•„'  on  a  length  of 
Sins,  measured  after  breaking. 

All  iron  for  web-plates  exceeding 24 ins.  in  width,  must  havea  mini- 
mum stretch  of  .">",,  measured  in  Length  of  8  ins. 

When  tested  to  the  breaking,  if  so  required  by  the  engineer,  the  links 
and  rods  must  part  through  the  body  and  not  through  the  head  or  pin 
hole.  Such  tests  must  be  at  the  expense  of  the  contractor  when  the 
requirements  of  these  specifications  are  not  complied  with. 

All  tension  wrought  iron,  if  cut  into  testing  strips  1$  ins.  in  width, 
must  be  capable  of  resisting  without  signs  of  fracture  bending  cold  by 
blows  of  a  hammer,  until  the  ends  of  the  strips  form  a  right  angle  with 
each  other,  the  inner  diameter  of  the  curve  of  bending  being  not  more 
than  twice  the  thickness  of  the  piece  tested.  The  hammering  must  be 
only  on  the  extremities  of  the  specimens,  and  never  where  the  flexion 
is  taking  place.     The  bending  must  stop  when  the  first  crack  appears. 

All  the  tension  tests  are  to  be  made  on  a  standard  test  piece,  of  ljj 
ins.  in  width,  and  from  £  to  f  in.  in  thickness,  planed  down  on  both 
edges  equally,  so  as  to  reduce  the  width  to  1  in.  for  length  of  8  ins. 
Whenever  practicable,  the  two  fiat  sides  of  the  piece  to  be  left  as  they 
come  from  the  rolls.  In  all  other  cases  both  sides  of  the  test  pieces  are 
to  be  planed  off. 

All  plates,  angles,  etc.,  which  are  to  be  bent  in  the  manufacture, 
must,  in  addition  to  the  above  requirements,  be  capable  of  bending 
sharply  to  a  right  angle,  at  a  working  heat,  without  showing  any  signs 
of  fracture. 

All  rivet  iron  must  be  tough  and  soft,  and  pieces  of  the  full  diameter 
of  the  rivet  must  be  capable  of  bending  until  the  sides  are  in  close  con- 
tract, without  showing  fracture  on  the  convex  side  of  the  curve. 

Pins  of  4j  ins.  diameter  or  less  may  be  rolled  iron,  but  those  of 
greater  diameter  must  be  forged. 

All  workmanship  must  be  first  class;  all  abutting  surfaces,  except 
flanges  of  plate  girders,  must  be  planed  or  turned,  so  as  to  insure  even 
bearings,  taking  light  cuts  so  as  not  to  injure  the  end  fibers  of  the 
piece,  and  must  be  protected  by  white  lead  and  tallow.  Abutting 
members  must  be  brought  into  close  and  forcible  contact  when  fitted 
with  the  splice-plates,  and  the  rivet  holes  punched  J  in.  less  in  diame- 
ter and  reamed  in  position  before  leaving  the  works;  the  plates  being 
marked  so  as  to  go  in  the  same  position  in  erecting.  Web-stiffeners 
shall  be  milled  at  the  ends  to  make  exact  and  tight  fit  to  the  flange 
angles. 

The  ends  of  all  track  stringers  and  other  framed  members  are  to  be 
milled  off  to  an  exact  length  and  in  the  direction  required  by  the  angle 
of  the  framing. 

Generally  the  use  of  bolts  instead  of  rivets  will  not  be  permitted, 
unless  they  are  turned  conical  and  the  holes  reamed  to  fit  them. 

Rollers  must  be  turned  and  roller-beds  planed. 

Rivet  holes  must  be  carefully  spaced  ancl  punched  and  must  in  all 
cases  be  reamed  to  fit  where  they  do  not  come  truly  and  accurately 
opposite,  without  the  aid  of  drift  pins.  Rivets  must  be  machine- 
driven   wherever  possible,    and  the  machines  must  be  such  as  will 
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retain  the  pressure  on  the  rivet  after  the  upsetting  is  completed. 
Rivets  must  completely  rill  the  holes  and  have  full  heads,  and  Be 
countersunk  when  so  required. 

Compression  members  must   l>e  straight   and   free  from  kinl 
buckles  in  the  finished  piece. 

Eye-bars  and  rods  shall  have  no  welds  except  iu  the  case  of  forming 
loops  for  counters,  laterals  or  sway  rods.  The  heads  of  eye-bars  and 
thickening  for  Bcrew  ends  to  rods  must  be  made  by  upsetting,  forging 
or  rolling.  Eve-bars  must  be  perfectly  straight  before  boring,  the  hole 
must  be  in  the  center  of  the  head,  and  on  the  center  line  of  the  bar. 
Whenever  links  are  to  be  packed  more  than  *  in.  to  the  foot  of  their 
length  out  of  parallel  with  the  axis  of  the  structure,  they  must  be 
bent  with  a  gentle  curve  until  the  head  stands  at  right  angles  to  the 
pin  in  their  intended  position,  before  being  bored;  suitable  blocking 
pieces  being  used  to  keep  them  in  proper  position  during  the  opera- 
tion of  boring. 

All  pin  holes  in  pieces  which  are  not  adjustable  for  length  must  be 
accurately  bored  at  right  angles  to  the  axis  unless  otherwise  shown  in 
the  drawings,  and  no  variation  of  more  than  .^  in.  will  be  allowed  in  the 
length  between  centers  of  pin  holes.  All  pieces  must  be  at  equal 
temperatures  when  bored,  and  those  belonging  to  the  same  panel, 
when  placed  in  a  pile,  must  allow  the  pin  at  each  end  to  pass  through 
at  the  same  time  without  forcing. 

Pins  must  be  carefully  turned,  perfectly  finished  and  straight,  and 
when  driven  in  must  have  pilot  nut  to  preserve  threads.  Xo  variation 
of  more  than  -pz  in.  will  be  allowed  between  diameter  of  pin  and  pin- 
hole. 

In  the  case  of  bolts  a  variation  of  r,;  in.  will  be  allowed  between 
diameter  of  bolt  and  hole. 

Thickening  washers  must  be  used  whenever  required  to  make  the 
joints  snug  and  tight. 

The  contractor  must  punch  all  holes  that  may  be  required  in  the 
structural  iron  work  for  attachment  of  other  portions  of  the  structure. 

PAINTING. 

Material  standing  out  before  manufacture  must  be  protected  from 
rusting  by  pure  raw  linseed  oil,  applied  when  temperature  of  iron  is 
60r  'Fahr. )  or  over.  All  inaccessible  surfaces  must  be  painted,  before 
riveting  up,  with  one  heavy  coat  of  pure  red  lead  in  pure  raw  linseed  oil. 
All  work  after  manufacture  to  be  given  one  coat  of  pure  raw  linseed 
oil  applied  to  iron  of  temperature  of  60  ?  or  over,  and  thoroughly 
worked  into  alb  joints  and  openings.  All  parts  that  are  inaccessible 
after  erection  must  have  two  coats  of  pure  red  lead  in  pure  raw  lin- 
seed oil,  at  site  before  erection. 

All  iron  after  erection  must  have  one  good  coat  of  pure  red  lead  in 
pure  raw  linseed  oil. 

All  iron  to  be  scraped  clean  from  scale  before  oiling  or  painting. 
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DISCUSSION 


Mr.  Darrach.        C.  (i.  Dabrach,  fcf.  Aim.  Boc.  C.  E. — The  speaker  said  in  amplifica- 
tion of  the  author's  statements  concerning  the  electrical   Lnstallal  ion 
that  the  Bummer  load  on  the  incandescent  dynamos  is  equivalent  t<>  55 
kilowatts,  about  74^o  of  the  total  load  of  one   of  the  dynamos  in   the 
head-house,  so  that  the  plant  is  running  quite  economically. 

The  cold  storage  rooms  arc  kepi  very  free  from  moisture  and  vapor 
by  reason  of  the  numerous  air  locks.  Eggs  have  been  kept  perfect, 
and  sold  and  eaten  as  fresh  after  remaining  1-1  months  in  storage,  and 
the  speaker  recently  ate  an  apple  which  had  been  in  cold  storage  for 
eight  months  and  was  perfect,  without  a  sign  of  any  defect  whatever. 
On  June  17th,  1895,  the  following  temperatures  were  taken  :  Outside 
air,  7(>  ';  in  the  cold  storage  cellar  surrounding  the  rooms,  68°;  in  the 
first  air  lock,  56  ;  in  the  second  air  lock,  50°;  in  the  third  air  lock.  44  : 
in  the  fourth  air  lock  or  lobby  to  a  freezing  room,  34  ;  in  the  freezing 
room  3  '  Fahr.  The  temperature  of  the  rooms  is  regulated  to  suit  the 
materials  stored;  butter  is  kept  at  20  ,  eggs  and  apples  at  a  little 
above  the  freezing  point,  and  meat  at  33    to  34°. 

During  the  summer,  with  brine  at  an  initial  temperature  of  3°  Fahr. 
thei  following  ratio  of  brine  cooling  surface  to  net  cubic  contents 
maintains  the  temperatures  mentioned  in  the  rooms.  The  freezing 
rooms  have  side  pipes  in  addition  to  the  overhead  pipes. 


Cooling  surface 

per  cubic  foot. 

Square  feet. 

Tempera- 
ture, 
Fahr. 

Kind  of  storage. 

Remarks. 

0.082 

32° 

29°  to  33°  . . . 
33° 

Meats 

Compartment  room  accessible  to  tenants. 
Transient,  controll-d  by  superintendent. 
L^ng  storage,  controlled  by  superintendent. 
Long  storage,  controlled  by  superintendent. 
Long  storage,  controlled  by  superintendent. 
Long  storage,  controlled  by  superintendent. 

0.065  to  0.04  . . 

Meats 

0.033 

Eggs 

0.033 

33° 

General 

Butter 

0.057 

20° 

0.27 

3°  to  4° , 

The  8-in.  mains  through  which  the  brine  circulates  at  a  velocity  of 
about  2  ft.  per  second  lose  only  about  3  between  the  initial  point 
and  the  return,  although  their  length  is  about  1  200  ft. ,  of  which  600 
ft.  is  in  an  atmosphere  with  a  temperature  of  95     to  100    Fahr. 
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CORRESPONDENCE, 


Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E. — It  must  be  remem-  Mr.  Wagner, 
bered  that  at  the  time  the  train-shed  described  in  the  paper  was  con- 
structed, it  was  the  greatest  single  span  train-shed  in  the  world.  As  a 
roof,  however,  it  had  been  eclipsed  by  the  trusses  of  the  Machinery 
Hall  at  the  Paris  Exposition  of  1889,  with  their  span  of  364  ft.  2  ins., 
center  to  center  of  end  pins,  and  by  those  of  the  Manufactures  and 
Liberal  Arts  Building  for  theWorld's  Columbian  Exhibition  at  Chicago, 
with  a  span  of  368  ft.  center  to  center  of  end  pins.  Since  its  construc- 
tion it  has  also  been  compelled  to  rank  as  second  in  the  class  of  train- 
sheds  by  the  roof  of  the  Broad  Street  station  of  the  Pennsylvania  Rail- 
road at  Philadelphia. 

The  principal  dimensions  of  the  largest  train-sheds  in  existence  are 
;is  follows: 


Pennsyl- 
vania Rail- 
road. Phila- 
delphia. 


Philadel- 
deL'hia  and 
Reading; 
Railroad, 
Philadel- 
phia. 


Pennsyl- 
vania Rail- 
road, Jersey 
City. 


Midland 
Railway, 
London, 
England. 


Ft.  In. 

Span  of  roof  trusses,  c.  to  c.  end  pins 300  8 

Clear  height  at  center ,  100  4 

Width,  out  to  out 304  0 

Length,  out  to  out 598  0 

Number  pair  of  roof  trusses 10 

Number  of  tracks 16 


Ft, 

259 


266 
506 


In.  Ft. 

8  252 

0  86 

6  256 

8  652 


In.  Ft. 
8  240 
0        100 


In. 
0 
0 


600 


11 
13 


12 
12 


*10 


*  Including  25  ft.  roadway. 


The  practical  construction  of  a  roof  of  this  magnitude  was  not 
undertaken  without  the  most  careful  consideration  and  thought,  espe- 
cially as  it  was  required  that  the  chords  of  the  trusses  should  be  curved 
to  the  given  radii  instead  of  being  straight  between  panel  points,  and 
it  is  believed  that  no  other  roof  approaching  it  in  magnitude  has  ever 
been  constructed  to  the  exact  curves  required  by  the  drawings. 
Curves  in  shop  construction  are  always  extremely  difficult  to  work  with 
in  order  to  insure  accuracy  in  results,  especially  when  in  the  same  half 
truss  there  are  five  different  radii  to  deal  with,  and  compound  curves 
in  some  of  the  individual  sections  into  which  the  truss  is  divided  for 
shipment.  In  order  to  insure  the  best  workmanship  and  eliminate 
all  chance  of  error,   these  conditions  made  it   practically  imperative 
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Mr.  Wagner,  thai  each  half  truss  should  be  assembled  by  itself  in  the  shop,  all  mem 
bers  being  fitted  to  place  and  match  marked.     It  will  !><•  remembered 
that  in  the  case  of  the  Forth  Bridge  in  Scotland,  practically  the  same 
method  of  procedure  \\:>s  adopted  wherever  the  curved  members  of 
the  truss  occurred. 

Curves  in  individual  pieces  offer  no  special  difficulties,  but  whenever 
tlu\  tniin  oomponenl  pints  of  a  whole,  as  in  the  casein  discussion, 
the  problem  assumes  a  new  and  more  serious  aspect.  Greal  care  was 
observed  in  making  the  templets  for  the  trusses  and  the  besi  seasoned 
lumber  was  carefully  selected  and  prepared.  A  complete  duplicate 
set  was  made  Ln  case  of  accident  and  for  the  comparison  of  the  work- 
ing templets  from  time  to  time  as  the  work  progressed. 

A  space  was  prepared  ou  the  large  floor  of  the  bridge  shop  of  the 
Phoenix  Iron  Company,  covered  with  skids  about  8  ft.  apart,  and  gen- 
erally radial  to  the  chords  of  the  truss.  This  space  was  sufficient  to 
receive  one-half  of  the  truss.  After  the  floor  was  prepared,  the  chord 
between  the  centers  of  pin-holes  was  calculated  and  laid  off  very  care- 
fully, the  terminal  points  being  established  very  accurately.  From 
each  of  these  points,  by  means  of  chords  and  deflection  angles  and  using 
an  engineer's  transit,  each  panel  point  on  the  top  chord  of  the  truss 
was  laid  out,  half  of  the  truss  being  laid  out  from  each  end  to  insure 
accuracy.  These  lines  checked  within  ,V,  in.  at  the  center  panel  point. 
The  points  were  calculated  to  the  back  of  the  angles  forming  the  top 
chord.  After  they  were  located  the  templets  were  placed  on  them  and 
no  discrepancy  was  found,  thus  forming  a  satisfactory  check.  Cast- 
iron  chords  with  vertical  lugs  were  then  fastened  to  the  skids,  which 
were  fastened  solidly  in  place  on  the  floor  and  the  lugs  set  a  given 
distance  from  the  back  of  the  chord  angles.  Hardwood  blocks,  bolted 
to  these  lugs,  were  used  afterward  to  adjust  for  thickness  of  cover  and 
splice  plates.  A  series  of  points  was  thus  established,  which  was 
used  for  reference  in  the  future  for  each  half  truss.  The  method  of 
procedure  was  follows : 

Each  half  truss  was  divided  into  eight  sections  for  shipment,  marked 
from  A  at  the  heel  of  the  truss  to  H  at  the  peak.  Sections  A  and  H 
were  riveted  up  and  placed  exactly  in  position  on  the  skids.  The 
chords  of  the  remaining  sections,  which  were  of  T  shape,  composed  of 
a  12-in.  vertical  plate,  two  6  x  6-in.  angles  and  14-in.  covers,  were  riveted 
up,  and  all  joints  in  the  half  truss  faced  but  two;  these  joints  were  left 
unfaced  for  adjustment.  The  chords  were  then  put  in  position  on  the 
skids,  the  top  chords  bearing  against  the  hardwood  blocks,  and  the 
diagonal  and  radial  members  fitted  to  place  with  the  splice  plates.  All 
projecting  cover  plates  over  the  splices  on  the  tension  chords  were  left 
blank  and  were  drilled  in  place  to  insure  good  workmanship.  No 
holes  whatever  were  punched  at  the  connections,  where  there  was  any 
likelihood  of  their  not  matching  when  assembled.     All  holes  were  then 
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reamed  in  place,  and  enough   rivete  driven  by  hand  to  insure  against  Mr.  Wanner, 
any  motion  when  the  truss  was  taken  apart.     Before  taking  it  apart 
the   pin   holes   were   laid   out    and   all    Loose  p  urefully  match 

marked.     Each  section  was  then  riveted  by  power,  and  finished  in  the 
usual  way. 

On  account  of  the  curve  required  in  the  trusses,  all  web  plat-  - 
forming  the  chords  had  to  be  curved  on  edge.  Thi>  was  done  on  the 
straightening  plate  of  the  rolling  mill,  the  straight  edge  on  this  plate 
being  replaced  by  wronght-iron  forms  forged  to  the  proper  radii. 
This  was  done  so  successfully  with  the  initial  heat  from  the  rolls,  that 
no  further  work  was  necessary.  The  angles  were  all  curved  cold  under 
a  cam  press.  In  some  cases  it  became  necessary  to  slightly  recurve 
them  after  they  were  punched.  No  special  work  was  required  upon 
the  purlins  or  the  side  trusses;  the  jack  rafters,  however,  having  the 
same  curve  as  the  to]3  chord  of  the  main  trusses,  were  rather  more 
difficult  to  handle,  on  account  of  the  necessity  of  having  the  open  holes 
for  attachment  to  the  purlins  at  the  proper  angle.  These  were  assem- 
bled in  the  usual  way  and  the  holes  for  these  connections  set,  in  each 
ca>e.  by  fulblength  templets.  The  fact  that  there  was  no  trouble  in 
the  field  in  making  any  of  these  difficult  connections  showed  the  wis- 
dom of  this  method  of  construction. 

The  facilities  for  erection  were  excellent.  The  plant  consisted  of  a 
falsework  upon  which  the  arch  was  assembled,  and  a  traveler  framed 
together  to  make  a  single  machine.  The  falsework  extended  the  entire 
inside  width  of  the  train  shed,  and  filled  the  space  completely  between 
the  floor  and  the  lower  chord  of  the  trusses.  It  was  17  It.  9  ins.  wide, 
center  to  center  of  legs  at  the  base,  and  5  ft.  at  the  top  of  the  cap. 
thus  giving  sufficient  width  to  assemble  the  pair  of  trusses  with  their 
bracing  upon  the  top.  The  legs  consisted  of  6x6-in.  timbers,  thor- 
oughly braced  in  both  planes  by  2  x  S-m.  and  2  x  6-in.  pieces.  Four- 
teen lines  of  rails  ran  longitudinally  through  the  train-shed,  and  the 
falsework  rested  upon  them  by  means  of  wheels  18  ins.  in  diameter, 
thus  enabling  the  whole  structure  to  be  moved  longitudinally.  The 
traveler,  about  126  ft.  in  total  height  and  40  x  28  ft.  in  plan  on  the 
level  of  the  floor,  was  arranged  as  part  of  the  falsework  and  rested 
upon  the  timbers  forming  its  base.  It  was  capable  of  motion  in  a 
transverse  direction,  and.  as  a  part  of  the  whole  erection  machine. 
could  be  moved  longitudinally  simultaneously  with  the  falsework.  It 
was  provided  with  an  overhanging  top.  which  spanned  two  pairs  of 
trusses,  and  was  counterbalanced  on  the  lower  platform  by  means  of 
two  hoisting  engines,  their  boilers,  and  45  000  lbs.  of  ballast  to  pre- 
vent any  overturning.  The  main  posts  were  8x8  ins.,  the  back  stay 
was  6x8  ins.,  with  two  rods  It  ins.  square.  The  bracing  was  2-in. 
plank,  6  to  8  ins.  in  width,  thoroughly  fastened. 

The  method  of  operating  the  falsework  and  traveler  was  as  follow-: 
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Mr.  Wagner.  The  sections  of  the  arch  trusses  were  erected  in  pairs  and  braced  t< 
gether  as  fast  as  they  were  pul  in  place,  the  connections  being  bolted. 
This  operation  was  continued  until  the  peak  was  reached,  when  the  top 
pin  was  driven,  completing  the  whole  span.  The  purlins  and  jack- 
rafters,  with  the  ventilator  frame,  were  then  placed  in  position,  and 
riveting  begun  when  all  the  joints  were  in  place  and  had  their  full 
bearing.  The  time  required  to  move  the  Falsework  From  one  pair  of 
trusses  to  another,  a  distance  of  50  tt.  2  ins.,  was  aboul  l<>  minutes. 
The  construction  and  erection  of  this  shed  was  done  by  the  Phoenix 
Bridge  Company. 

Mr.  Wilson.  Joseph  M.  Wilson,  M.  Am.  Soc.  ('.  E.  -The  author  desire-  to 
state,  in  further  explanation  of  the  construction  of  the  head-house, 
that  the  lower  portion  of  the  building,  from  the  nature  of  things, 
almost  necessarily  became  a  fire-proof  construction,  the  apartment- 
being  very  large  and  the  floors  paved  with  marble  or  cement.  The 
upper  part  of  the  structure  is  really  something  more  than  "of  slow- 
burning  construction  "  as  that  term  is  generally  understood.  The  car- 
rying framework  is  entirely  of  iron  and  steel,  protected  from  the  effects 
of  fire  by  mackite,  and  the  floors  have  no  wooden  girders,  but  consist  of 
3-in.  planks,  tongued  and  grooved,  fastened  to  nailing  strips  on  rolled 
steel  beams  and  finished  with  1-in.  flooring  boards  on  the  top,  the 
whole  being  thoroughly  protected  underneath  by  mackite.  The  par- 
titions are  of  solid  mackite.  It  will  be  seen  that  the  only  exposed 
wood  is  the  upper  surface  of  the  floor  which  is  required  in  the  office 
rooms,  the  sash,  and  the  doors  and  frames.  The  entire  construction 
can  therefore  almost  be  classed  as  fireproof. 
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CONSUMPTION  AND  WASTE  OF  WATER. 


By  Dexter  Brackett,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1895. 


WITH  DISCUSSION. 


An  examination  of  the  annual  reports  of  the  water  departments  of 
the  cities  of  the  United  States  shows  that  the  quantity  of  water  used 
has  increased  much  more  rapidly  than  the  growth  of  the  population, 
and  much  more  rapidly  than  had  been  expected  by  the  engineers  who 
designed  the  works.  Take  the  case  of  Boston,  which  may  be  con- 
sidered typical  of  many  other  cities.  The  original  works  were  con- 
structed in  1848,  and  were  based  upon  the  assun^tiou  that  28  galls, 
per  capita  would  be  an  adequate  supply  for  all  purposes,  this  conclu- 
sion being  based  on  the  experience  of  the  city  of  Philadelphia.  Before 
many  years  it  was  discovered  that  28  galls,  per  capita  were  not  sufficient, 
and  in  estimating  for  an  additional  supply  in  1872,  J.  P.  Davis,  M.  Am. 
Soc.  C.  E. ,  considered  that  60  galls,  for  each  person  would  be  a  proper 
allowance  for  future  needs.  The  present  consumption  in  Boston  is 
about  100  galls,  per  inhabitant  ;  the  capacity  of  the  supply  obtained 
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in  1872  will  boos  be  reached,  and  fche  Massachusetts  State  Board  of 
Eealth,  in  a  report  on  fche  water  supply  for  the  Boston  Metropolitan 
District,   lias  oome  t<>  fche  conclusion  that  100  galls,   per  capita  is  a 

proper  allowance  for  the  future  needs  of  the  district   which   enil>i;i 
all  the  cities  and  towns  within  12  miles  of  the  State  House. 

Although  the  present  consumption  in  Boston  is  about  four  times  as 
large  as  the  estimate  of  the  designers  of  the  works,  it  is  still  less  than 
that  of  a  number  of  large  American  cities.  The  table  on  pages  18(5  and 
187  gives  the  per  capita  consumption  in  some  of  the  cities  of  the  United 
States  and  shows  the  great  increase  which  has  taken  place,  especially 
during  the  past  five  years. 

The  question  naturally  arises,  what  are  the  causes  of  this  great  and 
constantly  increasing  use  of  water  ?  Is  the  increase  due  to  a  legitimate 
use,  or  is  it  due  to  a  wasteful  and  extravagant  use  of  the  water  ?  The 
author  is  of  the  opinion  that  the  increase  can  be  attributed  in  part  to 
both  of  these  causes,  but  that  the  greatest  cause  is  the  unnecessary 
and  wilful  waste. 

With  a  few  exceptions  the  efforts  of  the  authorities  in  charge  of 
water  supplies  during  the  past  25  or  30  years  have  been  directed  to- 
ward the  securing  of  new  sources  of  supply  and  the  construction  of 
additional  works,  rather  than  toward  the  promotion  of  measures  of 
economy  in  the  use  of  the  supplies  already  provided.  Public  opinion 
has  always  favored  the  free  use  of  water,  and  in  most  cities  there  exists 
a  well-established  but  mistaken  idea  that  constant  streams  of  water 
running  through  water-closets  and  house  drains  have  a  tendency  to 
prevent  or  remove  the  formation  of  noxious  gases  and  disease  germs. 

In  the  following  paper  an  attempt  has  been  made  to  study  the 
causes  of  the  great  increase  in  the  consumption  of  water,  with  the  ob- 
ject of  learning:  First,  what  can  be  considered  a  proper  allowance  per 
capita  in  designing  works  for  future  supply  ?  Second,  what  are  the 
causes  of  waste  and  how  can  it  be  best  prevented  ? 

Consumption  per  Capita. — In  considering  the  proper  allowance  to  be 
made  for  the  use  of  water,  it  will  be  convenient  to  consider  the  ques- 
tion under  the  following  subdivisions: 

Quantity  used  for  domestic  purposes. 

Quantity  used  for  trade,  manufacturing  and  mechanical  purposes. 

Quantity  used  for  public  purposes. 

Quantity  wasted. 
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Quantity  Used  for  Domestic  Purposes. — Under  the  first  head  should 
be  included  not  only  the  household  uses  of  the  inhabitants,  but  also 
the  quantity  required  for  provision  stores,  fish  markets,  laundries  and 
stables,  in  fact,  all  the  requirements  of  a  residential  community,  with 
the  exception  of  the  public  uses  of  fountains,  street  watering,  fires,  etc. 

TABLE  No.  2. 

Consumption  per  Capita  in  Boston,  Brookline,  Newton,  Fall  River, 
Worcester,  Yonkers  and  London,  as  Determined  by  Meter 
Measurement. 


City  or  Town. 


Boston , 

Boston 

Boston 

Boston , 

Boston , 

Boston 

Brookline 

Newton , 

Newton , 

Newton 

Fall  River , 

Fall  River , 

Fall  River 

Worcester 

Worcester , 

Worcester , 

Worcester , 

Worcester 

Worcester 

Yonkers,  N.  Y..., 
London,  England. 

London,  England. 


G 

o    . 

o    . 

Consumption, 

Number 
houses 

U    4. 

—      £ 

3  *- 

GALLONS  PEB/— 

Family. 

Capita. 

31 

402 

1  461 

221 

59 

46 

628 

2  524 

185 

46 

223 

2  204 

8  432 

123 

32 

39 

413 

1  844 

80 

16.6 

339 

3  647 

14  261 

139 

35.6 

40 

1  699 

46.1 

828 

4  140 

221.5 

44.3 

490 

490 

2  450 

132.5 

26.5 

.... 

619 

3  005 

.... 

6.6 

.... 

278 

1  390 

34.5 

6.9 

28 

34 

170 

127.5 

25.5 

64 

148 

740 
70  000 

42.0 

8.4 
12.3 

20  514 

90  942 

16.8 

81 

327 

80.2 

19.9 



37 

187 

118.1 

23.4 



93 

447 

95.0 

19.8 



245 

1  104 

55.1 

12.2 

.... 

229 

809 
31  000 

55.0 

15.6 
21.4 

1  169 

8  183 

25.5 

727» 

5  089 

18.6 

Remarks. 


Highest  cost  apartment  houses 

in  the  city. 
First-class  apartment  houses. 
Moderate      class       apartment 


class        apartment 


houses. 

Poorest 
houses. 

Average  of  all  apartment 
houses  supplied  by  meter. 

Boarding  houses. 

Average  of  all  dwellings  sup- 
plied by  meter. 

All  houses  supplied  with 
modern  plumbing. 

These  families  have  but  one 
faucet  each. 

These  families  have  but  one 
faucet  each. 

The  most  expensive  houses  in 
the  city. 

Average  class  of  houses,  gener- 
ally having  bath  and  water- 
closet. 

Total  domestic  consumption. 

Whole  domestic  consumption. 

Woodland  street,  best  class  of 
houses. 

Cedar  street,  best  class  of 
houses. 

Elm  street,  houses  of  moderate 
cost. 

Southbridge  street,  cheaper 
houses. 

Austin  street,  cheaper  houses. 

Houses  renting  from  $250  to 
$600;  each  have  bath  and 
two  water-closets. 

Middle  class,  average  rental, 
$200. 


The  records  obtained  in  cities  and  towns  where  water  meters  are 
used  on  house  services  furnish  the  best  information  obtainable  in 
regard  to  the  actual  quantity  needed  for  domestic  purposes.  Table 
No.  2  embodies  the  results  of  data  collected,  showing  the  actual  con- 
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sumption  per  capita  I'm-  household  or  domestic  use  bj  different  ola 
o£  people  in  a  number  of  cities,  as  determined  by  meter  records. 

There  appeals  to  !>»■  a  marked  difference  in  the  household  consump- 
tion in  different  places.  In  the  case  of  Brookline.  the  average  per 
capita  consumption  of  44.3  galls.  Includes  the  amount  used  for  private 
stables,  conservatories,  lawns,  etc.,  and  the  use  for  these  purpose 
very  much  larger  in  that  town  than  in  the  average  suburban  com- 
munity. 

In  Newton  the  consumption  of  26.5  galls.  per  capita  represents  the 
quantity  used  by  people  residing  in  modern  houses  valued  at  from 
$5  000  to  315  000  and  containing  all  the  modern  plumbing  convenience, 
but  the  houses  are  ou  smaller  estates  than  many  of  those  in  Brookline 
and  the  number  of  stables  and  conservatories  is  much  smaller. 

The  houses  in  Worcester  and  Fall  River  are,  as  a  whole,  much  less 
expensive  and  have  fewer  water  fixtures  than  those  in  Brookline  and 
Newton.  The  figures  given  for  London  are  taken  from  the  Report  of 
the  Royal  Commission  on  the  Water  Supply  of  the  Metropolis.  The 
consumption  per  capita  in  English  cities  is  generally  much  smaller 
than  in  the  United  States,  but  these  figures  indicate  that  the  actual 
quantities  used  in  buildings  having  water  fixtures  of  similar  character 
are  the  same  there  as  in  our  cities. 

The  per  capita  consumption  in  Newton,  Fall  River,  Worcester  and 
London,  in  first-class  houses  supplied  with  modern  plumbing,  was  in 
each  case  about  25  galls.  In  two  instances,  Worcester  16.8  galls.,  and 
Fall  River  12.3  galls.,  the  figures  given  embrace  not  only  the  household 
consumption,  but  all  domestic  uses,  including  small  stores,  groceries, 
laundries  and  stables,  in  fact,  every  use  with  the  exception  of  manufac- 
turing, mechanical  and  public  uses. 

In  Yonkers,  N.  Y.,  all  of  the  water  is  supplied  through  meters,  ex- 
cept for  builders'  use,  street  sprinkling,  public  buildings  and  street 
and  sewer  use.  The  number  of  consumers  in  1894  was  estimated  to  be 
31  000,  and  the  records  of  the  meters  show  that  the  domestic  consump- 
tion was  21.4  galls,  per  consumer. 

It  is  worthy  of  notice  that  the  averages  in  the  table  are  not  based 
upon  the  records  of  a  few  families.  Combining  all  of  the  records,  there 
is  a  population  of  232  000  using  18.2  galls,  per  capita.  With  an 
addition  of  10,%  to  cover  loss  in  the  registration  of  the  meters,  the  con- 
sumption per  person  would  be  but  20  galls. 
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TABLE  No.  3. 

Table  Showing  Consumption  in  Gallons  per  Capita  for  Various 
Purposes  from  the  Cochituate  Works  in  Boston  in  1880  and 
1892. 


Population,  1880,  306,000. 

Population,  1892,  430,000. 

Metered. 

Unmetered. 

Total. 

Metered. 

Unmetered. 

Total. 

Manufactures  and  Trade. 
Office  buildings  and  stores. . 

0.844 
1.139 
0.811 

0.966 
0.573 
0.143 
0.324 

10.200 

11.044 
1.139 
0.811 

3.086 
0.573 
0.143 
0.324 

5.63 
2.26 
1.70 

2.15 
0.24 
0.12 
0.75 
0.69 
0.89 
0.19 
0.15 
0.37 
0.60 
0.82 
2.95 
0.90 
0.27 
1.55 
0.10 

5.54 

11.17 
2.26 

Sugar  refiueries 

1.70 

Factories,    machine     shops, 

2.120 

2.15 

Iron  works  and  foundries.. .. 

0.24 

Marble  and  stone  works 

0  12 

Gas  companies 

0.75 

0.69 

Breweries 

0.556 
0.214 

0.556 
0.214 
0.150 
0.779 
0.443 
1.325 
1.033 

0.89 

Oil  and  chemical  works 

0.150 
0.650 

1.000 

0.19 

0.35 
0.29 

0.50 

0.129 
0.443 
0.325 
1.033 

0.66 

0.60 

Elevators  and  motors 

0.08 

0.90 
2.95 

0.90 

1.500 
0.150 

1.500 
1.604 

0.89 
0.07 
0.09 

1.16 

1.454 

1.62 

0.19 

0.150 
0.160 

0.150 
0.160 
0.314 

0.08 
0.28 

0.08 

Miscellaneous 

0.314 

0.27 

0.55 

Totals 

9.268 
0.047 

16.080 

5.850 
50.000 
1.500 
1.250 
0.040 
0.250 

25.348 

5.897 
50.000 
1.500 
1.250 
0.040 
0.250 

22.60 
1.72 

7.67 

12.34 
43.90 

1.38 
2.25 
0.07 
0.18 
0.22 

30.27 

Domestic  Uses. 
Apartment  hotels 

14.06 

43.90 

1.38 

2.25 

0.18 

0.25 

0.18 

0.22 

Totals 

0.047 

*  58.890 

0.200 
0.400 

0.400 

58.937 

0.200 
0.905 

0.400 

1.90 

0.30 
0.30 

0.83 

*  60.34 

0.21 
0.12 

0.52 
0.14 

62.24 

Public  Uses. 
Hospitals 

0.51 

Schools 

0.505 

0.42 

City,  State  and  Government 

1.35 

0.14 

Miscellaneous 

0.500 

0.500 

Totals 

0.505 

1.500 

2.005 

1.43 

0.99 

2.42 

*  The  quantity  wasted  is  included  in  the  unmetered  consumption. 

Quantity  Used  for  Mechanical,  Trade  and  Manufacturing  Purposes. — 
The  quantity  of  water  required  for  mechanical,  trade  and  manufactur- 
ing purposes  varies  very  largely  in  different  communities.  In  some 
cities  and  towns  there  is  very  little  manufacturing  and  almost  the  en- 
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hire  consumption  is  for  domestic  use;  in  other  places  the  domestic  con- 
sumption is  Less  than  the  quantity  used  for  manufacturing  purpo 
Byen  in  manufacturing  cities  conditions  often  exist  which  affect  the 
demand  for  manufacturing  purposes  upon  the  public  water  supply 
Pal]  River  is  a  manufacturing  city,  l>ut  most  of  the  mills  obtain  a 
SUpplv  of  water  from  the  river,  and  the  total  amount  used  in  the  city 
for  manufacturing  purposes  is  but  2  galls,  per  inhabitant.  On  the 
other  hand,  where  the  manufacturers  are  obliged  to  take  their  supply 
from  the  public  works,  the  use  for  manufacturing  and  trade  purposes 
is  from  20  to  30  galls,  per  inhabitant. 

The  present  consumption  in  Boston  for  these  purposes  is  about  30 
galls,  per  inhabitant,  and  as  most  of  this  water  is  supplied  through 
meters,  the  quantity  used  for  different  purposes  can  be  determined. 
Table  No.  3  shows  the  consumption  in  gallons  per  capita  for  various 
purposes  from  the  Cochituate  works  in  Boston  in  1880  and  also  in  1892. 
The  quantity  used  and  paid  for  by  schedule  rates  has  been  estimated 
by  dividing  the  total  amount  received  in  proportion  to  the  amount  re- 
ceived for  different  purposes.  This  method  gives  results  which  are 
fairly  accurate,  and  as  the  proportion  of  unmetered  water  used  for 
manufacturing  and  trade  purposes  is  small,  the  quantities  used  for  the 
purposes  enumerated  in  the  table  are  thought  to  be  nearly  correct. 

The  use  of  water  for  mechanical  and  trade  purposes  in  Boston  is  in- 
creasing at  a  much  more  rapid  rate  than  the  population,  and  the  author 
sees  no  reason  why  the  conditions  existing  in  Boston  should  not  exist 
in  other  cities.  A  very  forcible  illustration  of  this  fact  is  given  by  the 
following  statement  showing  the  consumption  per  inhabitant  for  six 
of  the  more  important  mechanical  and  manufacturing  uses  in  1880  and 
1892.     All  of  the  water  used  by  these  classes  of  takers  is  metered. 


Gallons  per  Capita. 

1880. 

1892. 

1.14 

0.81 
0.32 

2.26 

1.70 
0.75 

Electric  li^ht  and  power 

0.69 

Breweries 

0.56 
1.03 

0.89 

2.95 

• 

3.86 

9.24 

The   daily   quantity   used   in   1880   for   the   above    purposes    was 
1  242  900  galls.,   and  in  1892  it  was  3  973  200  galls.,  a   difference  of 
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2  731  000  galls. ,  or  more  than  20%  of  the  total  increase  in  the  con- 
sumption of  the  works. 

Quantity  Used  for  Public  Purposes. — Public  purposes  include  those 
for  public  buildings,  hospitals,  institutions,  schools,  street  sprinkling, 
flushing  sewers,  ornamental  and  drinking  fountains,  fires,  etc.  The 
quantity  of  water  used  for  these  purposes  varies  to  a  great  extent  in 
different  cities,  on  account  of  the  difference  in  the  methods  of  supply. 
In  some  cases  no  charge  is  made  for  water  used  for  public  purposes, 
while  in  others  the  water  is  supplied  through  meters  and  the  water 
department  is  paid  for  all  water  used.  When  no  charge  is  made  the 
consumption  is  apt  to  be  excessive.  The  following  examples  illustrate 
this  point :  In  Detroit  one  hospital  containing  150  persons  used  625 
galls,  per  capita ;  another,  containing  135  j^ersons,  used  548  galls,  per 
capita.  A  school  consumed  2  112  000  galls,  in  one  month,  but  on 
charging  by  meter  measurement  the  consumption  was  reduced  to 
435  000  galls. 

In  Boston  many  of  the  public  buildings  are  metered,  and  the  quan- 
tity used  for  public  purposes  is  more  nearly  the  quantity  actually 
needed.  The  metered  consumption  for  public  buildings,  schools  and 
hospitals  in  1892  was  1.5  galls.,  and  the  unmet ered  quantity  is  esti- 
mated at  0.8  gall.,  making  2.3  galls,  per  capita  used  for  these  pur- 
poses. A  careful  study  of  the  quantity  required  for  different  public 
uses,  based  upon  such  information  as  the  author  has  been  able  to 
obtain,  gives  the  following  requirements  for  the  different  purposes  : 

Gallons. 

Public  buildings,  schools  and  hospitals 2 .  30 

Street  sprinkling 1 .  00 

Flushing  sewers,  public  urinals 10 

Ornamental  and  drinking  fountains 25 

Fires 10 

Total  for  public  purposes 3 .  75 

Probably  4  or  5  galls,  per  capita  should  cover  all  the  requirements 
for  public  purposes. 

From  a  study  of  the  preceding  facts  the  author  draws  the  follow- 
ing conclusions  in  regard  to  the  actual  requirements  of  different  com- 
munities :  The  quantity  needed  for  domestic  use  is  not  more  than  30 
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galls,  per  inhabitant,  and  in  communities  where  the  number  of  water 
fixtures  is  small  in  proportion  to  the  population  supplied,  a  smaller 
quantity  will  answer  all  requirements.  For  business,  mechanical  and 
manufacturing  use,  the  amount    per  capita  will  differ  very  largely  in 

differenl  cities,  and  for  various  reasons.  It  is  not  probable,  however, 
that  the  actual  requirement  at  present  exceeds  40  galls,  per  capita  in 
an\  of  onr  large  cities. 

The  quantity  needed  for  public  use  is  not  more  than  5  galls,  mak- 
ing a  total  of  75  galls,  as  the  maximum  quantity  needed  for  actual  use, 
without  any  allowance  for  waste. 

Quantity  Wasted. — If  the  statements  which  have  been  made  as  to 
the  actual  amounts  required  for  domestic  use,  for  manufacturing, 
mechanical  and  trade  purposes,  and  for  public  uses  are  correct,  it  is 
evident  that  a  very  large  proportion  of  the  total  consumption  of  most 
of  the  large  cities  and  towns  must  be  wasted,  and  in  the  quantity 
wasted  the  author  does  not  include  water  which  is  lavishly  used,  but 
only  that  which  is  either  negligently  or  wilfully  permitted  to  escape 
without  doing  any  useful  service. 

"Without  doubt,  the  local  conditions  affect  to  some  considerable 
degree  the  per  capita  consumption  for  trade,  mechanical  and  public 
purposes,  but  making  liberal  allowance  for  these  conditions,  the  dif- 
ference between  75  galls. ,  which  should  amply  supply  the  legitimate 
demands  of  a  large  city  like  Boston,  and  the  quantity  now  used,  as 
given  in  Table  No.  1,  shows  that  the  amount  wasted  in  many  cities 
must  be  more  than  that  used. 

There  are  a  number  of  ways  by  which  the  existence  and  amount  of 
the  wraste  can  be  quite  accurately  determined,  one  of  which  is  by  the 
use  of  the  Deacon  waste  water  meter.  These  meters  have  been  in  use 
in  Boston  since  1880,  where  they  were  introduced  by  J.  P.  Davis,  M. 
Am.  Soc.  C.  E.,  then  city  engineer.  This  meter  is  placed  upon  the 
main  supply  of  a  district  of  from  2  000  to  3  000  persons,  and  furnishes 
a  continuous  record  of  the  rate  of  consumption  in  that  district.  The 
records  of  these  meters  show  conclusively  that  there  is  an  en'ormous 
consumption  of  water  during  the  night,  when  the  legitimate  use 
should  be  small.  In  1883,  when  these  meters  were  first  placed  in  gen- 
eral use,  the  average  daily  consumption  in  a  residential  district  of 
34  800  persons  was  69.8  galls,  per  capita,  and  between  the  hours  of  1 
and  4  a.  m.,  when  the  legitimate  use  should  be  the  least,  the  consump- 
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ticm  in  the  same  district  was  at  the  rate  of  53.2  galls,  per  head  per  day. 
The  mininiuni  rate  was  nearly  80%  of  the  average  for  the  entire  day. 
During  the  week  ending  August  20th,  1893,  observations  were  mad. 
to  determine  the  rates  of  consumption  for  different   portions  of  the 
24  hours  from  the  Mystic  works,  which  supply  a  population  of  about 
117  000.     The  results  were  as  follows: 

Rate  per  Head  per  Day. 

Time.  Gallons. 

1  A.M.  to    4  A.M 40.8 

4     "  "    7     " 58.6 

7'"  "10     "   103.8 

10     "  "   1  p.m 93.0 

1p.m.  "   4     "  93.2 

4     "  "   7     "   79.5 

7     "  "10     "  61.9 

10     "  "   1  a.m 52.9 

Average 73 . 6 

In  this  case  the  minimum  rate  was  about  60%  of  the  average  and 
40%  of  the  maximum,  and  it  is  probable  that  at  least  30  galls,  per  day 
were  wasted. 

If  there  is  shown  to  be  a  waste  of  30  galls,  per  capita  where  the 
total  daily  consumption  is  but  74  galls. ,  what  must  be  the  condition 
of  affairs  in  some  of  the  large  cities  where  the  consumption  is  from 
125  to  250  galls,  per  inhabitant  ?  In  Buffalo  the  daily  average  con- 
sumption for  the  year  1894  was  72  270  000  galls,  or  252  galls,  per  in- 
habitant. L.  H.  Knapp,  M.  Am.  Soc.  C.  E.,  the  engineer  of  the 
Buffalo  works,  states  that  70%  of  the  water  which  they  pump  is  esti- 
mated to  run  to  waste,  and  that  it  is  hard  to  tell  where  they  will  land 
or  how  this  enormous  use  of  water  is  to  be  prevented.  The  people 
are  not  in  favor  of  meters.  They  have  reached  the  capacity  of  the 
works,  both  as  to  tunnels,  engines  and  pipes.  The  additional  cost  of 
pumping  in  Buffalo  due  to  this  waste,  to  say  nothing  of  the  increased 
interest  and  maintenance  account,  is  from  $75  000  to  $100  000  per 
annum.  In  Chicago,  Cleveland,  Philadelphia  and  Detroit,  the  con- 
sumption is  about  150  galls. ,  of  which  probably  one-half  is  wasted. 

This  waste  can  be  attributed  to  the  following  causes:  1st,  defective 
plumbing;  2d,  defective  street  mains  and  services;  3d,  waste  to  preyent 
freezing  of  services;  4th,  wilful  waste. 
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FHrat.  Defective  Plumbing, — Iu  cities  where  meters  are  not  gen- 
erally used,  defeotive  house  plumbing  is  the  cause  <>t'  the  greater  por- 
tion of  the  waste  <>f  water.  The  general  use  of  all  the  modern  plumb- 
ing conveniences,  even  in  thr  cheaper  class  of  houses,    has  become  the 

custom,  and  has  resulted  in  the  manufacture  and  Bale  of  a  cheap  class 

i)\'  water  fixtures  which  are  the  cause  of  a  very  large  proportion  of  the 
waste.  From  10  to  15%  of  the  premises  examined  iu  Boston  are  found 
to  have  defective  fixtures,  and  of  12  609  defective  fixtures  reported  in 
is'.':},  7  314  were  ball  cocks.  The  tank  ball  cock  is  without  doubt  the 
source  of  the  greater  part  of  the  waste  from  defective  plumbing.  Un- 
seen and  unnoticed  a  constant  and  oftentimes  large  stream  runs  silently 
down  the  overflow  pipe  to  the  sewer,  and  as  the  water  bill  is  not  in- 
creased, the  property-owner  finds  it  cheaper  to  let  it  run  than  to  call 
in  the  plumber,  the  sight  of  whose  bills  he  fears  more  than  the  sound 
of  running  water  or  the  complaints  of  his  tenants. 

Second.  Defective  Mains  and  Services. — From  a  careful  study  of 
the  question  the  author  is  of  the  opinion  that  the  waste  from  the  street 
mains  and  services  is  much  larger  than  is  generally  supposed.  It  is 
often  said  that  no  leak  of  any  magnitude  is  likely  to  occur  without 
showing  on  the  surface  of  the  ground,  but  broken  4-in.  and  6-in.  pipes 
and  service  pipes  running  1  000  galls,  per  hour  have  been  discovered 
in  Boston  which  gave  no  indication  at  the  surface,  and  which  had  evi- 
dently been  wasting  water  for  years.  Only  a  short  time  ago  one  of  the 
waste  water  meters  showed  an  excessive  consumption  in  a  short  street 
supplied  by  a  6-in.  main,  and  a  careful  investigation  disclosed  the  fact 
that  the  main  was  broken  entirely  off  and  the  water  was  escaping  un- 
seen into  the  sewer  at  the  rate  of  100  000  galls,  in  24  hours. 

Third.  Waste  to  Prevent  Freezing  of  Services. — This  cause  of  waste, 
while  not  continuous  throughout  the  year,  is  very  large  during  seasons 
of  extreme  cold.  The  average  daily  consumption  of  the  Cochituate 
and  Mystic  works  for  the  months  of  November,  1892,  and  March,  1893, 
was  51  924  600  galls.,  while  for  the  intervening  winter  months  it  was 
60  149  600  galls.  The  difference  of  8  225  000  galls,  per  day,  equivalent 
to  3  380  000  galls,  per  day  or  6  galls,  per  cajjita  for  the  entire  year, 
may  be  properly  charged  to  cold  weather  waste. 

Fourth.  Wilful  Waste. — The  great  cause  of  wilful  waste  is  the 
deliberate  fastening  open  of  water-closets,  thus  permitting  a  constant 
flow  of  water  for  the  purpose  of  cleansing  the  drains.     The  desired 


BRACKETT   OX    CONSUMPTION    AND    WASTE    OF    WATER.        L91 


result  is  seldom  if  ever  accomplished,  but  the  ignorant  water-taker  can- 
not be  convinced  of  the  futility  of  the  plan,  and  the  department  suffers 
in  consequence.  An  example  of  the  wilful  use  or  misuse  of  water 
has  been  brought  to  the  author's  notice  where  a  constant  stream  of  water 
flowing  through  the  kitchen  sink  was  made  to  answer  the  purpose  of 
a  refrigerator. 

Prevention  of  Waste. — There  is  no  doubt  that  the  most  efficient 
means  of  preventing  waste  of  water  on  the  premises  of  the  water-takers 
is  the  universal  use  of  water  meters,  for  if  every  water-taker  is  obliged 
to  pay  for  ail  the  water  entering  his  premises  whether  used  or  wasted, 
the  quantity  wasted  is  very  sure  to  be  reduced  to  a  minimum. 

The  argument  has  been  advanced  that  the  use  of  meters  tends  to 
reduce  the  consumption  of  water  for  sanitary  purposes  below  a  point 
conducive  to  public  health,  but  this  argument  has  little  foundation  in 
fact.  The  great  cause  of  waste  of  water  is  the  continual  small  trick- 
ling streams  which  are  of  no  practical  benefit  in  cleansing  drains. 
The  introduction  of  meters  has  always  been  followed  by  a  reduction 
in  consumption,  and  in  the  cities  and  towns  where  their  use  has  been 
adopted  with  the  construction  of  the  works,  the  quantity  required  per 
capita  is  universally  very  low. 

The  consumption  in  the  following  cities  shows  the  effect  of  this 
method  of  waste  prevention: 


Consumers. 

Gallons 
per 

consumer. 

Percentage 

of  services 

metered. 

Metered 

consumption. 

Gallons 

per 

consumer. 

Fall  River 

85  576 

20  000 

31  000 

2  933 

28  5U0 

23.5 
20. 1 
85. 
63. 

57. 

80. 

85.2 

99.4 

91. 

76. 

Yonkers— 1894 

52  2 

Welleslev— 1894 

27.4 
29.2 

By  the  adoption  of  a  minimum  rate  which  provides  an  ample  allow- 
ance for  all  domestic  purposes,  the  objection  to  the  use  of  meters  on 
sanitary  grounds  is  obviated.  In  some  cities  where  the  citizens  have  be- 
come accustomed  to  the  lavish  and  wasteful  use  of  water,  and  where  the 
mistaken  idea  is  prevalent  that  water  should  be  as  free  as  the  air,  the 
opposition  of  public  opinion  will  not  sanction  the  general  introduction 
of  meters.  The  people  will  authorize  the  expenditure  of  millions  for 
new   supplies    of  water,  larger    mains   and    additional   pumping   ma- 
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ohinery,  bui  thej  will  Btrenuously  oppose  the  Lntrodnctioii  ol  met< 
[n  these  places  much  can  be  done  i>\  a  thorough  and  constant  bona   bo 

house  inspect  ion. 

In  the  author's  opinion,  next  to  the  general  use  of  meters,  the  mosi 
efficienl  method  of  preventing  waste  is  by  house-to-house  inspeotioii 

aided  by  the  Deacon  waste-water  meter.  This  system  is  largely  used 
in  England,  but  Boston  is  the  only  city  of  the  United  States  where  it 
has  been  adopted.*  The  "Deacon  waste  water  meter  is  the  invention  of 
Mr.  G.  F.  Deacon,  and  was  first  used  in  Liverpool  about  20  years  ago. 
A  trial  of  the  meter  in  Boston  in  1880  gave  such  satisfactory  results 
that  the  system  was  adopted  and  has  been  in  constant  use  since  1883. 
As  the  construction  and  operation  of  this  meter  is  entirely  different 
from  the  ordinary  recording  meter,  the  following  description  is  given: 

The  cast-iron  body  of  the  meter  contains  a  hollow,  cone-shaped 
chamber  of  brass  (see  Fig.  1).  Suspended  in  this  chamber  C  is  a  com- 
position disc  D  of  the  same  diameter  as  the  upper  end  of  the  cone. 
The  fine  wire  by  which  the  disc  is  suspended  passes  through  a  small 
hole  in  the  top  of  the  chamber  over  the  pulley  R,  and  is  attached  to  a 
counter-weight  W.  When  the  water  in  the  pipe  is  at  rest  the  disc  is 
held  at  the  top  of  the  cone  by  the  counter- weight,  but  when  water  is 
drawn  through  the  meter  the  disc  is  pressed  downward,  its  position 
depending  upon  the  quantity  of  water  passing  through  the  meter. 

By  means  of  a  pencil  attached  to  the  wire,  the  motion  of  the  disc  is 
recorded  upon  the  drum  E,  revolved  by  clockwork  once  in  24  hours. 
The  meter  does  not,  like  the  ordinary  house  meter,  record  the  total 
quantity  which  has  passed  between  any  two  observations,  but  it  records 
upon  a  diagram  the  rate  of  flow  at  each  and  every  instant.  It  is  thus 
possible  to  ascertain  the  rate  of  consumption  during  the  night  when 
the  legitimate  use  of  water  is  very  small,  and  determine  the  amount 
of  water  wasted.  The  meters  are  placed  under  the  sidewalk  upon  a 
by-pass  leading  from  the  main,  so  arranged  that  by  closing  the  valves 
on  the  street  mains  all  of  the  water  used  in  the  section  to  be  tested  is 
drawn  through  the  meter. 

The  meters  in  use  in  Boston  are  6  ins.  in  size,  and  have  a  register- 
ing capacity  of  25  000  galls,  per  hour.  A  population  of  from  3  000  to 
6  000  can  be  supplied  at  one  time  through  the  meter,  and  the  arrange- 

*  A  few  meters  have  been  used  in  Philadelphia  for  experimental  purposes,  but  the 
system  has  not  been  adopted  for  general  use. 


Ill 
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incut  of  the  meters  and  pipe  svstem    is  such  that    each  meter  is  used  fco 
supply  t\\d  or  more  sections.      The  number  of  meters  now  in  u 
supplying  a  population  of  about  420  000. 

The  method  of  detecting  and  preventing  waste  by  this  system  is  as 

follows:  The  valves  on  the  street  mains  are  closed,  so  that  all  the  water 
in  the  seotion  to  be  tested  is  drawn  through  the  meter.  One  or  two 
diagrams  are  obtained  showing  the  rate  of  consumption,  alter  which 
the  night  inspection  is  begun.  The  ordinary  iron  wrench  used  to  let 
on  or  shut  off  the  house  water  supply  is  applied  by  the  inspector  to  the 
sidewalk  stop-cock,  and.  by  placing  his  ear  to  the  wrench  he  can  de- 
termine whether  any  water  is  passing  through  the  service.  Note  is 
made  of  all  premises  where  there  are  indications  of  waste,  and  a  com- 
plete examination  is  made  by  a  day  inspector  to  locate  the  cause  of  the 
waste.  Notices  are  then  issued  to  the  owners  or  occupants  of  the 
premises,  and  all  defective  fixtures  are  repaired. 

One  important  advantage  derived  from  the  use  of  these  meters  is 
that  the  work  of  inspection  is  done  where  most  needed.  The  meter 
records  determine  the  streets  where  the  waste  is  taking  place,  and  the 
work  of  the  inspector  can  be  concentrated  where  the  greatest  saving 
can  be  made.  Another  benefit  is  the  detection  of  wraste  from  the  street 
mains  and  services.  Neither  the  use  of  meters  nor  the  ordinary  system 
of  house-to-house  inspection  will  prevent  the  waste  from  this  cause, 
and  that  it  is  much  larger  than  is  generally  supposed,  the  following 
facts  will  serve  to  illustrate. 

In  the  city  of  Yonkers  in  1894,  32  000  consumers  were  supplied  wTith 
water  through  3  504  services,  on  which  there  were  3  482  meters.  The 
daily  average  quantity  pumped  was  2  623  760  galls. ,  or  85  galls,  per 
consumer,  while  the  total  quantity  registered  by  the  meters  wras  52.3 
galls,  per  consumer;  of  the  remainder,  32.7  galls,  per  consumer  or 
1  010  000  galls,  per  day,  a  small  portion  was  used  for  public  purposes, 
but  the  great  proportion  is  unaccounted  for. 

In  Milton,  Mass.,  all  water  used  in  the  town  is  measured  by  a  meter 
on  the  supply  main,  and  every  service  pipe  is  provided  with  a  meter. 
The  works  are  but  four  years  old,  have  18  miles  of  cast-iron  mains,  376 
services  supplying  about  2  300  persons,  and  with  the  exception  of 
water  used  for  flushing  mains,  street  sprinkling,  street  construction 
and  for  fires,  all  of  the  water  used  is  measured  by  meters  on  the 
service  pipes.     The  daily  average  amount  registered  by  the  meter  on 
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the  supply  main  in  1893  was  128  529  galls.,  while  the  total  recorded 
by  the  service  meters  was  66  B43  galls.  Allowing  2  000  galls,  per  day 
for  blowing  off  pipes  and  tires,  there  remain-  62  687  galls.,  or  nearly 
50%  of  the  total  consumption  which  is  unaccounted  for.  In  Newton 
and  Fall  River.,  Mass..  and  Woonsocket,  E.  I.,  similar  results  are  shown. 

In  the  city  of  Newton  all  services,  ^vith  the  exception  of  houses 
having  a  single  faucet,  are  metered  ;  and  yet,  making  a  liberal  allow- 
ance for  the  amount  used  by  theunmetered  takers,  the  quantity  of  water 
delivered  into  the  premises  of  the  water-takers  during  the  year  1892 
was  but  little  more  than  one-half  of  the  total  quantity  pumped.  Of 
a  daily  average  consumption  of  1288  000  galls..  595  600  galls,  were 
used  for  public  purposes  or  wasted  from  the  street  mains  or  services, 
or  passed  through  the  meters  without  being  recorded. 

In  the  city  of  Fall  Paver  during  1892,  2  217  370  galls,  per  day. 
equivalent  to  27.2-i  galls,  per  capita,  were  pumped  into  the  mains  ;  and 
1  27±  500  galls.,  or  15.66  galls,  per  capita  were  sold  :  leaving  912  870 
galls.,  or  11.58  galls,  per  inhabitant.  A  small  portion  of  this  was  used 
in  city  buildings  and  for  other  public  purposes,  but  at  least  10  galls, 
per  capita,  or  814  000  galls,  per  day.  more  than  one-third  of  the  total 
consumption,  cannot  be  accounted  for. 

In  Woonsocket,  R.  I.,  all  but  a  very  few  of  the  services  are  metered, 
and  those  few  are  provided  with  self-closing  faucets  and  have  no  hose 
connections.  The  quantities  recorded  by  the  meters  and  the  amounts 
pumped  during  the  year  1893  are  as  follows : 


Pumped. 

Recorded  by 
me: 

Percentage. 

December  1st  to  March  let 

46  662  321 
45  763  500 
61  5>  -  - . " 
B0  193  139 

21  233  600 
26  995  684 
31  943  211 
.     -    2  669 

45.5 

58.9 

September  let  to  December  1st 

51.8 
53.4 

204  908  1ST 

106  975  064 

25  000  000 

10  000  000 

52.4 

Estimated  quantity  used  for  street  watering, 
fountains,  etc 

Quantity  used    by  takers  paying    schedule 
rates  

Total 

2  1  208  1ST 

141  976  064 

69.5 

In  the  calculation   of  the  quantity  pumped,   an  allowance  of  o% 
has  been  made  for  the  slip  of  the  pumps.     Notwithstanding  the  fact 
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llial   more  t  han    N0n0    of  the    taps   arc    metered,  the   records   show  thai 

62  ooo  ooi)  galls,  per  am  nun,  or  more  than  'M)%  of  the  quantity  pumped, 
ia  wasted  from  the  mains  and  services.  These  great  differences  oan 
only  be  attributed  to  errors  in  the  quantities  registered  or  to  wb 
and  Leakage  from  the  street  mains  and  service  pipes.  It  does  not  seem 
probable  thai  the  loss  due  to  the  slip  of  the  pumps  and  the  Loss  is 
registration  of  the  meters  is  more  than  20,%  of  the  quantity  registered 
by  the  pumps,  in  which  ease  there  seems  to  be  conclusive  evidence 
that  the  leakage  from  the  mains  is  an  important  factor,  and  that  the 
use  of  recording  meters  will  not  prevent  all  waste  of  water. 

The  records  of  the  Deacon  meters  in  Boston  show  conclusively  that 
a  very  large  propoition  of  the  water  is  wasted.  In  some  of  the  resi- 
dential districts  the  rate  of  consumption  between  the  hours  of  1  to  4 
a.  M.  is  from  50  to  100  galls,  per  capita  per  day. 

Proper  Allowance  per  Capita. — In  estimating  the  quantity  to  be  pro- 
vided for  future  years,  consideration  should  be  given  to  the  probable 
legitimate  increase  in  the  use  of  water.  Although  the  greater  part  of 
the  enormous  consumption  in  some  American  cities  is  wasted,  there 
has  nevertheless  been  a  great  increase  in  the  legitimate  consumption 
during  the  past  40  years,  and  without  doubt  the  demands  for  water  will 
continue  to  increase  in  the  years  to  come. 

One  cause  of  the  increased  consumption  of  water  is  found  in  the 
great  increase  in  the  number  of  water  fixtures.  Table  No.  4  illustrates 
this  growth  in  Boston. 

The  proportion  of  fixtures  per  capita  was  nearly  twice  as  large  in 
1890  as  in  1870.  Although  it  is  not  to  be  expected  that  a  person  will 
double  the  use  of  water  because  he  has  twice  as  many  opportunities  of 
drawing  it,  yet  increased  use  will  surely  follow  from  the  increase  in 
the  number  of  fixtures. 

Another  cause  of  increased  consumption  is  increased  pressure  in 
the  mains  and  services.  The  constant  tendency  towards  increased 
height  of  buildings  creates  a  continued  demand  for  increased  pressure 
in  the  supply  mains,  and  with  a  large  pressure  there  is  more  lavish  use 
of  water  and  a  greater  waste  by  leakage. 

It  has  been  previously  stated  that  75  galls,  per  capita  is  at  present 
an  ample  allowance  for  actual  uses  in  a  large  city.     To  this  must  be 
•  added  an  allowance  for  unavoidable  waste  and  future  growth. 

The  experience  of  the  author  leads  him  to  be  of  the  opinion  that 
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it  is  not  practicable  to  reduce  the  waste  below  15  galls,  per  capita  in 
our  large  cities,  and  that  it  cannot  be  maintained  at  that  figure  except 
by  the  universal  use  of  water  meters,  aided  by  Deacon  meters  or  some 

TABLE  No.  4. 

Number  of  Water  Fixtures  in  Use  and  Fixtures  per  Capita,  Etc., 
on  cochituate  works,  from  1870  to  1892. 


Name  of  fixture. 

1870. 

Percentage 
increase. 

1880. 

9 

bo  a 

o  2 

CP  u 
Z  o 

v  a 

1890. 

9 

C    ? 

2  ° 

*  a 
(V- 

1892. 

Taps 

5  893 
53  010 
23  961 

8  892 
25  050 

2  447 

9  615 
547 
723 

73 
13 

56.6 

59.4 

92.5 

93.8 

107.7 

65.1 

99.1 

—63.9 

32.2 

90.4 

—100.0 

9  228 

84  498 

46  116 

17  230 

52  030 

4  041 

19  139 

197 

9o6 

139 

61.7 
39.7 
39.8 
85.2 
75.4 
20.71 

126.7 

—81.7 

56.2 

101.4' 

14  922 

118  066 

64  462 

31914 

91  280 

4  879 

43  3S9 

36 

1493 

280 

12.0. 

6.01 

6.2 

17.6 

12.5 

—2.6 

23.0 

—  50.0 

—4.1 

—7.1 

16  706 

Sinks 

125  151 

Bowls 

68  448 

Washtubs 

37  495 

102  687 

4  754 

53  360 

Slop  hoppers 

18 
1432 

Foot  baths 

260 

130  234 

79  3 

233  574 

58.7 

370  721 

10.7 

410  311 

Daily    average    con- ) 

sumption j 

Fixtures  per  capita  . . . 
Consumption       per  1 

Consumption        per ) 

250  500 
16  257  700 
0.520 
64.9 

124.8 

•M 

72.2 
36.2 
31.0 

—3.9 

330  000 
28  000  000 
0.708 
85.0 

119.9 

24.4 

21.0 

27.5 

—2.9 

—23.8 

410  600 
33  871  700 
0.903 
82.5 

91.4 

4.8 

22.  o; 

5.6 
16.4 

10.5 

430  200 
41  312  400 
0.954 
96.0 

101.0 

similar  device  for  detecting  leaks  in  the  street  mains.  In  cities  where 
water  meters  are  not  generally  used,  the  quantity  wasted  will  be  from 
20  to  100  galls,  per  capita,  as  the  inspection  of  mains  and  house  fixt- 
ures is  more  or  less  rigid. 
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DISCUSSION. 


Mr.  FitzGerald  Desmond  FitzGerald,  M.  Am.  Soc.  0.  E. — Thai  meters  protect  the 
consumer  as  well  as  the  pity  against  unnecessary  expenditures  was 
shown  by  the  speaker's  experience.  About  three  years  ago,  one  was 
placed  in  his  house,  and  although  he  did  not  caution  the  servant 
any  of  the  family  against  wasting  water,  there  has  been  a  reduction  of 
30%  to  40/o  in  ^ue  water  bills  since  that  time. 
Mr.  Rice.  L.  Frederick  Rice,  M.  Am.  Soc.  C.  E. — The  speaker's  experience 
had  been  similar  to  that  of  Mr.  FitzGerald.  Under  the  old  system  of 
rating,  his  water  bills  ran  from  !$20  to  $25  a  year.  Eleven  years  ago  he 
put  in  a  meter  and  since  then  no  bill  has  exceeded  $6  a  year.  Refer- 
ence to  the  record  shows  the  meter  reading  to  have  been  572  on  June 
2d,  1883,  and  41  644  on  June  3d,  1895;  a  total  consumption  of  41  072 
cu.  ft.,  or  307  240  galls,  in  12  years.  The  total  cost,  at  2  cents  per  100 
galls. ,  was  $61  45,  or  an  average  of  $5  12  per  year. 
Mr.  Darrach.  Charles  G.  Darrach,  M.  Am.  Soc.  C.  E. — The  figures  in  the  paper 
concerning  the  daily  consumption  of  water  in  Philadelphia,  Pa. ,  150 
galls,  per  capita,  are  open  to  question,  as  the  municipal  reports  for  the 
last  few  years  rate  the  pumps  much  higher  than  their  probable 
capacity.  Tests  of  two  of  them  showed  their  capacity  to  be  20%" 
lower  than  stated  in  the  municipal  reports.  A  great  increase  in  the 
consumption  of  water  in  the  city  occurred  shortly  after  some  large 
new  reservoirs  were  brought  into  service,  and  the  speaker  believed  that 
there  is  considerable  waste  of  water  through  the  bottoms  and  walls  of 
the  reservoirs,  and  not  so  much  along  the  pipe  lines  and  in  the  build- 
ings as  the  recorded  total  consumption  indicates. 
Mr.  Dunham.  H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  speaker  had  found  in 
making  tests  of  entire  pipe  systems  where  the  mains  ranged  from 
10  to  4  ins.  in  diameter  and  a  pressure  of  50  lbs.  per  square  inch  was 
maintained,  that  the  quantity  of  water  escaping  did  not  exceed  1  gall, 
per  minute  per  mile  of  street  main.  These  tests  were  made  when  the 
pipe  systems  were  new  and  before  the  introduction  of  service  pipes. 
They  did  not  include  such  breaks  as  would  immediately  appear  on  the 
surface,  but  did  include  some  leaks  from  porous  castings,  faulty  joints 
and  imperfectly  packed  gates  that  were  noticed  subsequently.  The 
quantity  was  determined  by  plunger  displacement.  It  is  one  dis- 
advantage of  a  gravity  supply  that  the  quantity  of  water  discharged 
by  a  leak  of  considerable  proportions  cannot  be  ascertained  so  readily 
or  the  time  of  its  commencement  recorded  so  clearly  as  it  must  be  in 
a  well-managed  pumping  station. 
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John  Thomson.  M.  Am.  Soc.  C.  E. — In  a  general  way  the  bjh  aker  Mr. Thomson. 
■was  somewhat  familiar  with  the  statistical  data  contained  in  the  paper, 
Imt  their  arrangement  to  denote  the  different  classes  oi  use  and  waste 
not  only  seemed  to  he  novel,  but,  in  his  opinion,  is  highly  valuable. 
Thus,  as  shown  in  Table  Xo.  2,  it  seemed  surprising  that  portions  of 
the  domestic  service  in  Boston,  Newton.  Fall  River  and  Worcester,  and 
the  entire  supply  of  Yonkers,  under  the  relatively  free  direct  service 
through  meters,  should  be  practically  no  greater  than  in  the  instances 
cited  from  two  districts  in  London:  and  this  is  especially  remarkable 
should  it  appear  that  the  London  districts  were  partially  or  wholly 
under  intermittent  supply.  If  the  author  can  answer  as  to  this,  and 
should  it  be  shown,  as  the  speaker  assumed,  that  the  London  districts 
were  wholly  or  partially  under  intermittent  supply,  then  it  is  about  as 
conclusive  evidence  as  need  be  desired  that  the  domestic  use  of  water, 
when  paid  for  according  to  the  quantity  drawn,  neither  leads  to 
restriction  nor  to  lavishness. 

Although  averages  are  sometimes  deceiving  and  uncertain,  another 
interesting  deduction  might  be  made  from  this  table  by  dividing  the  sum 
of  the  several  per  capita  consumptions  by  the  twenty-two  different 
conditions  of  service  cited,  this  giving  an  average  daily  use  of  24.5 
galls,  to  each  person. 

As  to  the  quantity  of  water  unaccounted  for,  as  cited  on  pages  200 
and  201,  the  author's  data  furnisL  material  for  mental  exercise,  and  it 
is  interesting,  as  well  as  suggestive,  in  the  instance  of  Yonkers,  to 
divide  the  per  diem  loss  of  1  010  000  galls,  by  the  entire  number  of 
services,  3  504,  thus  finding  that  a  leak  in  each,  or  a  loss  in  registration 
by  each  meter,  if  all  were  metered,  of  288.7  galls,  per  day  (about  12 
galls,  per  hour)  would  account  for  the  quantity  lost.  Now.  although 
the  water  pressure  in  Yonkers  is  higher  than  that  of  the  average  water- 
works service,  ranging  from  75  to  125  lbs.  to  the  square  inch,  it  is  sur- 
prising to  find  that  the  368  650  galls,  of  water  unaccounted  for  could 
be  delivered  in  one  year  through  3  504  thin  diaphragms,  having  com- 
paratively sharp-edged  orifices  of  but  0.03-in.  diameter.  These  figures 
seem  soniewdiat  opposed  to  some  of  the  speaker's  earlier  reasoning  on 
this  subject  ;*  but  the  premises  have  changed  somewhat,  and  in  any 
event  this  should  not  stand  in  the  path  of  a  pressing  argument. 
Nevertheless,  he  was  not  ready  to  admit  that  there  is  any  necessity  for 
attempting  to  measure  water,  through  meters,  by  the  drop.  In  Woon- 
socket.  E.  I.,  where  62  000  000  galls.,  or  more  than  30%  of  the  quan- 
tity pumped,  is  unaccounted,  for  animally.  this  amount  is  equivalent 
to  but  about  110  galls,  per  service  daily,  less  than  half  the  amount  at 
Yonkers,  X.  Y~. 

The  author  has  referred  in  general  terms  to  the  different  causes  of 


*  "  Is  the  Game  Worth  the  Candle  ?  "     Journal  of  the  New  England  "Water-Works  Associ- 
ation, Vol.  VIII,  No.  2. 
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Mr.  Thomson,  waste,  and  the  speaker,  of  course,   most   promptly  agreed  with  the 
Leading  conclusion  as  to  "the  most  effioienl  means  of  preventing  u 
of  water,"  bnl  Btated  that  in  this  connection  it   may  l><-  of  Interest  to 
cite  one  definite  instance  where  the  experience  was  dearly  bought. 

About  three  years  ago  many  of  the  clubs  and  theaters  of  New  Fork 
City  were  notified  by  the  Departmenl  of  Public  Works  to  apply  met< 
among  the  number  being  the  Engineers' Club.  No  protesl  was  made 
and  a  meter  was  applied.  Several  months  ago  the  first  bill  was  ren- 
dered, covering  about  1(5  months,  showing  a  consumption  of  2  207  250 
galls.,  the  amount  due  being  >J'.M  :ii).  or  a  little  over  $18  per  month. 
The  aforesaid  quantity  averages  a  trifle  over  3  galls,  per  minute  for  the 
entire  period  of  about  500  days.  Every  legitimate  effort  was  made  to 
cut  at  least  one  figure  from  the  inspector's  reading,  but  in  this  even 
the  engineers  of  the  department,  who  are  also  members  of  the  club, 
were  failures  ;  the  bill  stood  and  the  club's  treasurer  begrudgingly 
paid  it.  Upon  investigation,  it  was  found  that  a  stream  had  been  run- 
ning constantly,  night  and  day,  first  to  a  tank  on  the  roof  and  thence 
through  the  overflow  to  the  sewer.  Since  that  experience  the  con- 
stant flow  has  been  stopped,  and  the  club  is  now  paying  about  $6  per 
month  instead  of  $18.  A  few  of  such  cases,  in  one  system,  would 
seem  to  indicate  that  measurement  by  the  drop,  while  laudable,  is  not 
necessary.  This  query  seriously  arises  :  In  a  case,  say,  of  Avater  scarc- 
ity, Avould  not  such  useless  wastes,  even  if  paid  for,  be  bordering  upon 
contributory  criminality  ? 

In  conclusion,  reference  was  made  to  the  assertion  on  page  195,  which, 
however,  was  presumed  to  be  a  quotation,  referring  to  the  city  of  Buffalo, 
that  "the  people  are  not  in  favor  of  meters,"  by  this  conveying  the  idea 
that  per  contra  the  people  are  in  favor  of  being  taxed  to  increase  the 
present  enormous  wastage.  To  this  statement,  the  speaker  took  direct 
exception,  for  he  believed  that  in  every  such  case,  if  the  matter  were 
properly  presented  to  and  were  directly  decided  by  the  citizen  tax- 
payers, they  would  simply  act  upon  business  principles.  Would  a 
private  water  company  act  otherwise  than  as  here  intimated?  Then 
why  should  a  mutual  company  make  it  possible  for  certain  of  its 
beneficiaries  to  take  advantage  of  the  others?  That  such  a  question 
should  so  frequently  be  up,  as  if  for  argument  on  the  merits,  is  indeed 
remarkable  in  a  way.  And  yet  there  is  ground  for  the  opposition. 
Thus  in  a  report  just  published  by  the  superintendent  of  the  Richmond, 
Va.,  Water-Works,  he  says:  "I  do  not  exaggerate  in  saying  95%  of 
those  paying  for  water  by  meter  measurement  have  saved  largely  in 
their  water  bills,  and  are  pleased."  But  in  the  conclusion  of  his  re- 
port, this  significant  statement  appears:  "I  have  said  before,  however, 
that  our  City  Council  is  opposed  to  the  meter  system."  And  there's 
the  rub  betimes;  for  the  beneficent  glory  of  politics,  and  even  the  exer- 
cise of  the  engineering  function,  may  be  thought  by  some  to  be  the 
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better  displayed  (to  the  voting  populace)  by  the  building  of  great  Mr.  Thomson, 
public  works  than  in  the  conserving  of  that  they  now  have.  Between 
politics  and  engineering  conservatism  on  the  one  hand,  and  the  ex- 
ceedingly difficult  practical  requirements  on  the  other  hand,  the 
growth  of  the  meter  service  has  been  tedious,  a  life  that  has  resulted 
simply  as  a  "  survival  of  the  littest."  Bat,  as  Tyndall  has  said,  "  the 
plant  may  be  all  the  hardier  for  the  buffetings  it  has  undergone. " 
Thus,  less  than  a  decade  ago,  the  total  number  of  meters  made  per 
year  by  all  the  manufacturers  of  the  United  States  did  not  exceed 
15  000,  whereas  the  output  for  the  year  1895  will  not  be  far  from  50  000; 
and  the  relation  of  these  figures,  say  as  1.5  :  5,  may  be  taken  to  fairly 
represent  either  the  growing  necessity  for  the  employment  of  water 
meters  or  the  increase  of  sentiment  favorable  to  their  adoption. 

J.  J.  K.  Croes,  M.  Am.  Soc.  C.  E.— In  the  city  of  Yonkers,  N.  Y.,  Mr.  Croes. 
to  which  allusion  has  been  made  in  the  paper,  there  is  a  dwelling 
house  occupied  by  a  family  of  five  adults,  in  which  all  the  rain  water 
that  falls  upon  the  roof  is  collected  in  a  tank  in  the  attic  and  a 
cistern  above  ground,  from  which  water  is  drawn  through  a  filter 
of  gravel  and  charcoal.  The  pipes  are  connected  with  the  city  mains, 
and  when  the  supply  in  the  tank  runs  low,  the  city  water  is  ad- 
mitted through  a  meter.  Assuming  all  the  rainfall  to  be  collected, 
the  consumption  of  water  in  this  dwelling  for  five  years  past,  as 
derived  from  the  quarterly  reading  of  the  meter  and  the  records  of 
rainfall  in  Yonkers,  has  been  as  shown  on  the  following  table: 


Three  months  ending: 

Rainfall. 

Metered. 

Cubic  Feet. 

Inches. 

Cubic  feet. 

Cubic  feet. 

Total. 

August  31st,  1890 

13.15 

11.21 

*17.12 

9. 81 

6.63 

8.07 

11.39 
8.65 

12.51 

9.31 

7.50 

*14.12 

*12.57 

12.37 

8.50 

8.47 

4.54 

*22.54 

10.22 
5.95 

1  460 
1244 
1  900 
1  089 

736 

896 
1264 

961 
1389 
1  0.33 

827 
1  567 
1  396 

1  374 
944 
941 
504 

2  502 
1  134 

661 

356 

598 
453 
703 
1464 
1  133 
765 
1173 
1  168 
1  253 
1  179 
1235 
1  777 
1  290 
1  624 
1  502 
1  820 
1  412 
1477 
1  819 

1  816 

November  30th,  1890 

1  842 

February  28th,  1891 

May  31st,  1891 

3  353 

1  792 

August  31st,  1891 

2  200 

November  30th,  1891 

2  039 

February  29th,  1892 

2  ()59> 

May  31st,  1892     

2  134 

August  Slt?t,  1892 

2  677 

November  30th,  1892 

2  2*6 

February  28th,  1893 

2  006 

May  31st,  1893 

2  802 

August  31st,  1893 

November  30th,  1893 

3  173 
2  664 

February  28th,  1894 

2  568 

May  31st,  1894 

2  443 

August  31st.  1894 

2  324 

November  30th,  1894 

3  914 

February  28th,  1895 

May  31st,  1895   

2  611 
2  480 

10.73 

1  191 

1  210 

2  459 
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Bfr.Oroes.       The  mean  daily  consumption  for  I  826  days  was  26.94  on    ft..  or 
202  galls.     Omitting  the  fonr  periods  of  excessive  rainfall,  marked  in 

tlit-  table  with  an  asterisk,   when  a   portion  of   the    rainfall     was    wasted 

by  overflow  from  the  oistern,  the  mean  daily  consumption  for  I  I'd 
.lays  was  24.61  on.  ft.  or  1st..")  galls.,  being  36.9  galls,  per  lie;i.|  of  oc- 
cupants of  house.  The  fixtures  in  the  house  are  kitchen  range  and 
boiler  and   sink,   washtubs,   three    wash    basins,   bathtub,   and    two 

water-closets,  and  water  is  used  freely. 

Water  is  not  used  for  lawn  sprinkling  nor  for  street  or  pavemenl 
washing,  but  in  summer  some  water  is  used  for  hand  sprinkling  of 
flower  beds. 
Mr.  Kuichling.  E.  KuiOHMNG,  M.  Am.  Soc.  C.  E.— The  speaker  called  attention  to 
the  great  value  of  the  data  presented  by  the  author,  and  was  much 
interested  in  the  recommendation  that  all  of  the  water  drawn  from 
the  mains  for  private  consumption  should  be  metered,  inasmuch  as 
he  had  advocated  the  same  measure  for  many  years  past,  and  was 
thoroughly  convinced  that  it  was  the  only  rational  method  of  con- 
trolling waste.  He  also  referred  to  the  large  variation  in  consumption 
of  water  which  occurs  in  the  different  seasons  of  the  year  in  cities 
where  meters  are  not  extensively  used,  and  pointed  out  that  these 
variations  were  particularly  important  in  determining,  on  the  one 
hand,  the  necessary  storage  volume  that  should  be  available  in  the 
reservoirs  of  gravity  works,  and  on  the  other  hand,  the  reserve  engine 
capacity  needed  in  pumping  works.  For  such  purposes,  data  of  con- 
sumption and  waste  derived  from  averages  are  of  little  value,  since 
the  governing  figures  are  necessarily  the  maximum  quantities  which 
occur  during  comparatively  short  periods  of  time,  such  as  a  few  days, 
or  a  week. 

In  illustration  of  this  point,  the  speaker  referred  to  the  author's 
estimate  that  about  6  galls,  of  water  per  capita  are  wasted  daily  in 
Boston  throughout  the  entire  year,  to  prevent  the  freezing  of  the  ser- 
vice pipes  in  buildings.  From  the  paper,  however,  it  is  seen  that  the 
difference  in  consumption  between  the  winter  months  and  the  preced- 
ing and  following  months  of  November  and  March  amounted  on  the 
average  to  8  225  000  galls,  per  day,  for  the  period  from  October  31st, 
1892,  to  April  1st,  1893.  Assuming  the  population  at  430  000,  as  given 
in  Table  Xo.  3,  the  average  waste  during  the  winter  months  is  thus 
found  to  be  19.1  galls,  per  capita  per  day,  or  more  than  three  times 
the  average  distributed  through  the  entire  year.  It  is  to  be  regretted 
that  the  author  did  not  give  the  figures  for  the  maximum  loss  from  the 
cause  mentioned,  as  it  is  very  probable  that  a  much  larger  proportion 
would  have  been  disclosed.  In  the  case  of  several  small  cities,  the 
waste  during  very  cold  periods  has  actually  amounted  to  three  or  four 
times  the  ordinary  daily  consumption  in  the  spring  and  fall;  and  in 
one  city   of  about  160  000  inhabitants,  the  consumption  for  10  days 
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during  and  after  a  severe  blizzard  last  winter  was  at  more  than  double  Mr.  Kuichling. 

the  rate  prevailing  in  May  and  November.     Examples  of  this  kind  are 

of  importance  in  connection  with  other  data  relating  to  the  use  and 

waste  of  water  from  public  supplies,  as  they  justify  an  engineer  in 

making  a  liberal  estimate  for  either  reserve  engine   power  or  storage 

capacity  in  the  design  of  uew  works. 

The  speaker  also  called  attention  to  the  particular  desirability  of  a 
general  meter  system  in  the  case  of  water- works  which  are  supplied 
by  a  gravity  conduit,  and  to  the  fact  that  where  meters  are  extensively 
used  the  weekly  and  monthly  consumption  of  water  is  very  much  more 
uniform  than  in  places  where  meters  are  not  used.  Data  in  support 
of  this  fact  are  not  frequently  met  with,  owing  to  the  labor  involved  in 
classifying  the  numerous  accounts,  and  the  following  statistics  which 
were  compiled  under  the  speaker's  direction  in  the  water  department 

Statement  showing  Quantity  of  Water  Passed  Monthly  Through 
2  645  Meters  During  the  Fiscal  Year  1891,  and  Through  3  014 
Meters  During  the  Fiscal  Year  1893-94,  in  the  City  of  Roches- 
ter, X.  Y.,  for  the  Different  Uses  Indicated  : 


Month.        Year. 


No.  of  meters. 


April, 

May, 

June, 

July, 

August, 

September, 

October, 

November, 

December, 


1891. 


Averages,        1891. 


No.  of  meters. 


June, 

July. 

August, 

December, 

January. 

February 


1893. 


Domestic. 
Cubic  feet. 


798 

1  671  570 
1  388  3i-9 
1  583  679 
1  427  647 
1  431  356 
1  419  741 
1  481  273 
1  572  703 
1  376  652 


1  483  659 


1093 

1  654  016 
1  5*8  105 
1  600  848 
1  471  543 
1  638  259 
1  640  456 


Averages  for  three  summer  months 1614  323 

Averages  for  three  winter  months 1  '83  41 9 

Averages  for  twelve  months 1  501  V66 


Commercia1 
Cubic  feet. 


1  552 

4  047  150 
3  832  223 
3  772  401 

3  746  688 

4  155  907 
4  178  238 
4  142  925 
3  971  598 
3  796  175 


Manu- 
facturing. 
Cubic  feet. 


3  957  034 


.  1618 

i  632  323 

4  730  581 
4  327  964 
4  161  903 
4  467  3' iT 
4  586  693 


4  563  623 
4  404  301 
4  401  526 


295 

4  055  748 
3  865  201 

3  774  190 

4  215  141 
4  217  450 

3  952  164 

4  088  003 
4  254  038 
3  668  970 


4  013  434 


303 

4  197  860 
4  445  094 
4  444  5b6 
3  X91  245 
3  772  614 
3  681  974 


4  362  513 

3  781  944 

4  170  755 


Total. 
Cubic  feet. 


2  645 

9  774  468 
9  085  733 
9  130  270 
9  419  476 
9  774  713 
9  550  143 
9  712  201 
9  798  S39 
8  841  797 


9  454  127 


3  014 

10  484  199 

10  763  780 

10  373  398 

9  524  691 

9  b78  180 

9  909  123 


10  540  459 

9  769  664 

10  074  247 


of  the  city  of  Rochester,  X.  Y.,  were  submitted.  The  uses  of  water 
in  that  city  were  divided  into  three  general  classes:  1,  domestic  con- 
sumption, embracing  all  ordinary  uses  of  water  in  dwellings,  apart- 
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If]  KuiohUng.  menl  and  benemenl  houses  and  boarding  houses;  '2,  oommeroia]  oon- 
Bnzhption,  embracing  uses  of  water  in  hotels,  restaurants,  saloons, 
commercial  buildings  with  offices  and  apartments  in  tipper  stories, 
Btores,  warehouses,  li\  erj  stables, barber  s1io]>h,  bath  houses,  and  public 
and  oharitable  Institutions;  8,  manufacturing  consumption,  embracing 
the  use  of  water  in  breweries,  distilleries,  paper  mills,  flouring  mills. 
railroads,  fruit-canning  works,  bakeries,  photographers',  confec- 
tioners', and  printing  establishments,  and  in  factories  and  workshops 
of  all  kinds. 

An  examination  of  the  foregoing  statement  shows  a  remarkable  uni- 
formity in  the  monthly  consumption  of  water  by  the  three  different 
e lasses  of  consumers,  the  extreme  variation  throughout  being  only 
about  10  per  cent.  On  the  other  hand,  the  rates  at  which  the  water  is 
actually  used  throughout  the  city  under  the  same  conditions  of  press- 
ure differ  widely,  according  to  the  season  ;  and  this  fluctuation  in  con- 
sumption must  therefore  be  due  to  the  very  large  number  of  unmetered 
services.  In  a  gravity  system,  however,  which  is  taxed  to  its  utmost 
capacity,  the  supply  is  practically  uniform,  and  periods  of  maximum 
consumption  cannot  be  tolerated  without  rendering  a  water  famine 
imminent,  but  by  the  general  use  of  meters  it  is  possible  to  avert  such 
a  calamity  by  rendering  the  consumption  nearly  uniform  throughout 
the  year,  as  shown  in  the  statement. 
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CORRESPONDENCE. 


L.  J.  LeConte,  M.  Am.   Soc.   C.    E.— The   rate  of  consumption  of  Mr. LeConte. 

water  in  the  large  cities  of  the  United  States  is  a  perfect  anomaly.  The 
paper  is  a  praiseworthy  attempt  to  give  more  valuable  light  on  the 
subject,  as  to  its  cause  and  prevention.  The  marked  difference  be- 
tween the  rates  in  small  cities  as  compared  with  larger  ones  at  once 
suggests  new  demands  in  large  cities  which  hardly  exist  in  the  smaller. 
The  writer  was  much  impressed  by  the  classilication  of  the  legitimate 
daily  consumption  in  Boston,  namely,  75  galls,  per  diem  per  capita, 
showing  for  industrial  and  mechanical  uses,  o'S%;  domestic  uses,  40%; 
and  public  uses,  7  per  cent.  This  at  once  calls  to  mind  the  importance 
of  modern  demands  for  water  by  hydraulic  elevators  and  water  motors. 
Both  of  these  devices  have  now  become  firmly  established  as  public 
necessities,  and  their  number  is  rapidly  multiplying  every  year.  They 
have  no  equal  as  extravagant  consumers  of  water,  as  instanced  by  the 
fact  that  special  rates  have  to  be  applied  to  such  cases,  otherwise  the 
water  bill  presented  at  the  close  of  each  month  would  assume  truly 
alarming  proportions. 

The  author's  respect  for  meters  as  a  preventive  of  waste  in  general 
and  wilful  waste  in  particular  will  be  shared  by  every  fair-minded 
person.  They  have  done  and  are  doing  an  invaluable  service  toward 
establishing  and  maintaining  wise  economy.  The  writer  thinks  it 
proper  to  mention  one  feature  about  them  which,  in  all  fairness,  needs 
to  be  studied.  He  has  reference  to  the  ratchet  meters,  which  not  only 
record  the  passage  of  water  through  the  meter,  but  also  record  pulsa- 
tions in  the  water  main. 

His  attention  was  first  called  to  this  in  1885,  but  he  neglected  to 
follow  it  up.  In  1889,  at  the  ninth  annual  convention  of  the  American 
Water-Works  Association.  Mr.  James  P.  Donohue,  of  DavenjDort,  la., 
called  attention  to  unquestionable  proof  of  the  fact  which  came  under 
his  own  notice.  With  the  general  introduction  of  elevators  and  their 
accompanying  pulsations  or  water-hammer,  there  is  a  new  element  of 
disturbance  entering  into  the  problem  which  will  have  to  be  faced  and 
properly  solved  by  the  meter  manufacturer.  A  single  elevator  affects 
the  record  of  all  such  meters  within  many  blocks,  which  happen  to  be 
attached  to  the  same  main.  It  is  manifestly  unfair  to  have  |3ulsations 
in  the  water  main  charged  to  the  consumer's  account. 

As  to  the  proper  allowance  per  capita  to  adopt  in  designing  new 
water-works  there  is  plenty  of  room  for  difference  of  'opinion.  The 
best  data  available  as  a  guide  are  supplied  by  past  experience  in  the 
same  line.  Looking  back  and  comparing  preliminary  estimates  with 
subsequent  results  there  is  truly  much  to  make  engineers  feel  humble. 
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B£r.  Le  Conte.  There  is  every  reason  to  believe  thai  tli<'  Legitimate  use  of  water  per 
capita  will  increase  rapidly  in  the  near  future,  and  consequently  the 
writer  does  nol  think  it  prudenl  to  estimate  on  new  water-works  fox  a 
Large  oitj  at  a  Lower  rate  than  200  galls,  per  diem  per  capita. 

If  r.  neischei.       t'u  \n  ma  Hi  B9i  sbl,  M.  Am.  Boo.  0.  E. — The  principal  Lesson  to  be 

Learned  from  the  paper  as  to  a  prevention  of  waste  is  the  old  and 
repeated  one  that  keeping  accounts  is  at  the  foundation  of  an  eco- 
nomical conduct  of  any  business,  and  that  to  keep  accounts  in  the 
water-supply  business,  the  water  must  be  measured,  that  is,  metered. 
To  meter  Large  quantities  of  water,  the  paper  refers  to  one  meter  only, 
the  Deacon  waste  water  meter.  It  is  built  ordinarily  in  four  sizes  only, 
4  in.,  (i  in.,  8  in.  and  10  in.  diameter  of  the  inlet  and  outlet  pipes,  and 
the  design  of  the  meter  is  such  that  larger  sizes  are  inconvenient  in  use 
or  impracticable.  The  horizontal  motion  of  the  water  in  the  inlet 
pipe  is  turned  in  a  vertical  direction,  is  passed  through  a  circular 
thin  slot,  and  is  then  goose-necked  back  again  into  a  horizontal  direc- 
tion. As  a  consequence,  it  is  impracticable  to  use  such  a  meter 
with  an  inlet  pipe  more  than  10  ins.  in  diameter,  as  it  would  make  the 
whole  apparatus  too  cumbersome.  There  is  also  the  necessity  of  set- 
ting a  by-pass,  for  the  slot  is  liable  to  clog  up,  and  at  any  and  all 
times  the  Deacon  meter  is  a  great  slaughterer  of  head.  As  a  meter, 
the  apparatus  is  doing  well,  when  it  measures  within  h%  of  the  truth. 
Indeed,  its  principal  function  is  not  to  meter,  but  to  indicate  relative 
flows  through  the  pipe  under  examination,  and  to  draw  a  diagram  of 
the  relative  quantities  passing. 

The  use  of  a  meter  on  mains  of  any  size  and  on  all  the  principal 
pipes  of  the  distribution  system  of  a  city  is,  however,  perfectly  feasible, 
and  would  contribute  largely  to  an  economy  in  the  use  of  water.  The 
writer  has  many  times  stood  by  the  side  of  a  black  and  silent  16-in.  or 
24-in.  pipe  carrying  wash  water  to  a  large  manufacturing  corporation, 
and  wished  there  were  some  way  of  readily  procuring  a  record  of  what 
was  going  on  within  those  hidden  and  silent  confines  of  the  pipe.  In 
the  course  of  years,  that  wish  has  been  gratified,  by  the  labors  of  the 
writer  and  of  others,  until  now,  if  the  writer  were  to  lay  a  distribution 
system,  he  would  certainly  place  meter  tubes  in  the  line  of  every  size 
pipe  laid,  and  at  frequent  intervals;  so  that  a  strict  account  could  be 
kept  at  any  time  of  the  actual  distribution  of  water  within  districts  of 
any  desired  extent  or  limitation. 

The  meter  tubes  referred  to  are  those  of  the  Venturi  meter,  de- 
scribed* in  the  Transactions  of  this  Society,  and  now  forming  an  article 
of  commerce,  both  in  the  United  States  and  abroad.  The  meter-tubes 
of  this  meter  are  of  a  length  equal  to  about  10  times  their  diameter, 
and  their  cost  is  about  three  times  that  of  an  equal  length  of  plain 
pipe.     No  by-pass  is  needed,  or  has  ever  been  used,  to  the  writer's 

*  Vol.  XVIf,  1888,  page  228. 
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knowledge;  the  head  lost  is  a  trifle,  not  so  much  as  is  destroyed  by  an  Mr.  Herschel. 
ordinary  check  valve.  Any  size  pipe  may  be  fitted  with  these  tubes, 
from  £  in.  to  240  in.  or  more;  the  register,  to  register  total  cubic  feet 
passed,  or  to  make  a  diagram  of  the  rate  of  flow,  or  to  perform  both  of 
these  functions  simultaneously,  is  applicable  to  any  size  of  meter  tube 
and  meters  the  water  passing  it  within  \%  of  the  truth,  for  any  sin- 
gle record  reading.  This  register  could  readily  be  used  as  a  portable 
register,  and  be  connected  at  will  with  the  selected  meter  tube  by  two 
little  pipes  conveying  pressure,  not  a  stream  of  water,  from  the  tube  to 
the  register.  For  city  street  use  or  for  waste  water  inspection,  this 
would  be  the  proper  way  to  set  the  whole  apparatus;  the  meter  tube 
set  permanently  in  the  line  of  the  street  pipe  and  constructed  so  as  to 
meter  water  flowing  in  either  direction  whenever  there  is  any  possi- 
bility of  reversed  currents  in  the  pipes;  the  register  set  temporarily  at 
any  convenient  place  within  100  or  1  000  ft.  of  the  tube,  and  connected 
with  it  as  described.  Where  used  simply  as  a  meter  and  to  register 
total  quantities  passed,  the  register  is  set  permanently  in  some  conve- 
nient place,  not  too  far  from  the  tube.  Many  such  meters  have  been 
doing  daily  service  for  the  past  three  years  at  home  and  abroad. 

It  is  time  that  civil  engineers  recognize  in  their  general  practice 
that  a  pipe  conveying  water  need  no  longer  be  the  dead,  silent,  secre- 
tive factor  it  usually  is,  or  as  it  has  above  been  described  from  old-time 
recollections  of  the  writer's  practice,  but  that  the  introduction  of  a  Yen- 
turi  meter  tube  in  the  line  of  a  pipe  can  cause  it  to  speak  with  accu- 
racy and  j3recision  respecting  the  flow  of  water  within  it  at  any  desired 
time.  Were  pipes  generally  thus  made  to  reveal  at  will  the  flow  of  the 
water  within  them,  and  were  systematic  records  of  this  flow  kept  in 
cities,  the  waste  of  water,  now  furthered  by  the  absence  of  all  informa- 
tion on  this  subject,  would  materially  diminish.  Certain  it  is  that  the 
unseemly  record  of  broken  4-in.  and  6-in.  pipes  wasting  1  000  galls, 
per  hour  for  years  without  detection  would  then  no  longer  be  possible. 

Robert  Caetweight,  M.  Am.  Soc.  C.  E. — The  writer  read  the  paper  Mr.Cartwrigbt 
with  much  interest,  and  the  statistics  therein  given  are  a  valuable  con- 
tribution to  the  profession.  He  fully  agrees  with  the  author  in  his 
conclusions,  that  mainly  by  the  metering  of  all  services  can  the 
lavish  waste  of  water  be  controlled.  The  writer's  connection  for  a 
period  of  some  30  years  with  the  manufacture  and  distribution  of 
illuminating  gas  has  convinced  him  of  the  necessity  of  placing  some 
restraint  upon  the  prodigality  of  consumption  so  prone  to  the  Ameri- 
can people,  and  which  has  given  rise  to  the  trite  saying  that  "any  other 
nation  in  the  world  could  live  well  upon  the  waste  of  the  people  of  the 
United  States. " 

No  doubt  much  of  the  waste  of  water  results  from  the  parsimony 
of  landlords  in  saving  expense  by  putting  in  cheaj)  plumbing  and  ma- 
terials, and  the  running  of  water  to  prevent  freezing,  as  shown  by  the 
paper. 
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H   Cartwrlgtai        The  periodical   inspection  of  every  Bervioe  fche  writer  reg 

\ci'\  essential  for  the  detection  of  waste,  as  no  doubl  many  Instances 
happen  without  regard  i<>  1 1 1 « -  mat.  rial  or  tic  quality  of  1 1 1  *  -  plumbing 
and  in  unlooked-for  ways,  as  in  the  tacts  lii  rrin  gjyeD  occurring  in  the 
writer's  experience.  In  Rochester,  N.  Y.,  all  sprinkling  of  lawns  has 
been  prohibited  for  some  years,  owing  to  the  water  not  being  avail- 
able, i»N  reason  of  lack  of  facility  to  oonve y  the  water.  Las1  fall  a  new 
supply  main  was  completed,  and  citizens  now  have  the  opportunity  of 
using  all  the  water  they  wish,  provided  they  purchase  surh  metei 
register  tin1  cousumptioii  as  arc1  tested  and  approved  by  tin-  water 
officials.  Water  is  supplied  at  the  rate  of  14  cents  per  1  000  galls. 
The  writer  availed  himself  of  this  provision,  and  after  due  considera- 
tion aud  investigation,  naturally  selected  a  disk  meter  as  being  the 
most  accurate,  simple  and  economical  for  his  uses.  The  meter  Ma- 
tested  in  his  presence  by  the  water  officials,  and  found  absolutely  cor- 
rect at  both  maximum  and  minimum  flow. 

The  writer's  residence  was  built  in  the  fall  and  winter  of  1892,  and 
was  equipped  with  the  best  plumbing  to  be  had,  both  in  workmanship 
and  materials.  The  meter  was  set  and  put  in  operation  Saturday,  May 
5th,  1895,  at  noon.  At  10  p.  m.  that  night,  the  registry  was  somewhat 
surprising  to  the  writer,  as  it  indicated  a  remarkable  industry  on  the 
part  of  the  meter.  Absence  from  home  prevented  another  inspection 
until  6  o'clock  p.  m.  on  Monday,  May  7th.  Surprise  gave  place  to  dis- 
gust when  the  register  showed  476  cu.  ft.  as  having  passed  in  about  two 
and  one-half  days,  and  a  remedy  was  sought.  The  water  is  supplied 
by  an  independent  pipe  from  the  street  main  to  a  tank  holding  about 
100  galls,  in  the  attic,  and  fitted  with  a  valve  controlled  by  ball  float. 
An  overflow  is  provided  from  the  tank  to  the  sewer  in  case  of  any  acci- 
dent to  the  float  valve.  From  the  bottom  of  the  tank,  connection  is 
made  with  the  house  system  of  piping,  with  a  cock  just  outside  the 
tank.  In  case  of  a  lack  of  pressure  in  the  street  mains  to  raise  the 
water  to  the  tank,  a  by-pass  is  placed  in  the  cellar,  between  the  inde- 
pendent riser  and  the  house  system  and  fitted  wTith  a  f -in.  globe  valve. 
With  this  arrangement,  an  approximately  constant  and  reduced  head 
is  maintained  on  the  house  system,  when  the  by-pass  is  shut. 

An  examination  of  the  float  valve  resulted  in  putting  a  new  seat  on 
it,  although  the  leak  was  trifling.  When  the  water  wras  turned,  on 
after  making  the  repairs,  the  tank  began  filling,  although  no  water  was 
passing  the  float  valve.  This  proved  that  water  was  coming  via  the 
by-pass,  notwithstanding  the  valve,  was  closed.  The  cap  of  the  f -in. 
by-pass  valve  was  removed,  and  showed  that  the  seat  had  never  been 
put  in,  and  it  had  evidently  been  sent  from  the  factory  in  that  condi- 
tion. Here,  then,  was  the  solution  of  the  question.  A  new  seat  was 
put  in,  and  the  writer's  faith  in  meters  was  restored.  For  over  two 
years  the  water  had  been  running  directly  to  the  sewer,    through  this 
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defective  valve,  and  enough  had  been  wasted  to  have  supplied  several  Mr.CartwriKbl 
families  in  the  interim.  A  night  inspection  and  application  of  the 
waterphone  would  have  detected  this  loss.  This  is  only  one  instance 
where  the  application  of  a  meter  divulged  the  waste,  and  undoubtedly 
there  are  many  just  such  cases  existing.  The  writer  views  the  meter- 
ing of  water  as  having  a  moral  influence  upon  the  majority  of  con- 
sumers, since  when  a  check  is  placed  upon  the  consumption  of  water 
in  the  shape  of  a  tell-tale  mechanical  watchman,  the  party  paying  the 
bill  is  very  apt  to  count  the  cost  of  carelessness  or  indiscretion,  and 
will  prevent  a  waste  that  otherwise  would  not  be  considered.  In  fact, 
the  writer  believes  that  a  meter  case  without  any  works  inside,  applied 
to  a  service,  would  serve  an  admirable  purpose  in  reducing  waste  in 
many  instances. 

For  years  the  writer  has  been  convinced  that  the  metering  of  every 
water  service  (the  meter  to  be  furnished  free  to  the  consumer,  as  is  the 
case  in  illuminating  gas  supply)  would  cost  less  in  the  outlay  for 
meters  than  the  outlay  for  new  conduits,  reservoirs  and  pumps,  with 
their  maintenance,  to  say  nothing  of  the  waste  of  potable  water. 

A  community  will  vote  thousands  of  dollars  to  extend  its  water 
supply  more  readily  than  it  will  expend  hundreds  in  supplying  meters 
which  will  curtail  and  control  the  waste.  No  private  individual  would 
long  carry  on  the  business  of  pumping  and  supplying  water  when  no 
check  is  placed  upon  the  consumption,  and  yet  municipalities  almost 
universally  adopt  that  plan. 

The  daily  use  of  water  in  the  writer's  family  is  as  follows:  The 
family  consists  of  six  adults;  the  house  is  fitted  with  bath,  two  closets, 
two  wash  basins,  three  stationary  wash  tubs,  beside  kitchen  and  pantry 
supply,  and  embraces  19  faucets.  The  minimum  rate  of  water  used  is 
16  cu.  ft.  per  day,  the  maximum  is  54  cu.  ft. ;  the  average  for  about 
three  months  is*  34. 83  cu.  ft.  per  day,  Sundays  being  the  lowest  and 
Mondays  (wash  day)  the  highest.  This  shows  an  average  use  of  261 
galls,  per  day  for  the  family,  and  an  average  per  capita  per  day  of  43.5 
galls. 

According  to  the  author's  statistics,  Philadelphia,  Pa.,  uses  150 
galls,  and  Buffalo  uses  252  galls,  per  capita  per  day,  and  the  question 
forcibly  presents  itself,  What  shall  the  engineer  assume  as  a  reason- 
able per  capita  estimate,  when  planning  a  water  supply?  To  the 
writer's  mind,  the  meter  offers  the  only  solution  of  the  question,  and 
when  every  water  service  is  metered,  75  galls,  per  capita  per  day  would 
seem  an  ample  provision  for  a  supply. 

Daniel  W.   Mead,  M.   Am.   Soc.   C.  E. — The  increase  in  the  per  Mr.  Mead, 
capita  consumption  of  water  in  most  of  the  cities  of  the  United  States 
is  now  very  rapid  and  is  fast  becoming  a  serious  matter.     In  many 
cases,  it  is  almost  or  quite  impossible  financially  for  the  cities  to  en- 
large their  works  fast  enough  to  keep  up  with  the  extravagant  use  of 
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Mr.Mr.nl.  water.      Ill  the  majority  of  eases.  B    Large  amount  of   the    water   usnl  [g 

nnquesl Lonabrj    wasted,  and   is   many  instances  much  better  results 
would  be  obtained  if  the  city  officials  confined  their  attention  to  the 

restriction  of  waste  rather  than  the  enlargement  of  the  works. 

In  the  fall  of  1894,  the  writer  was  called  to  examine  and  report  on 
the  enlargement  of  the  water-works  system  of  the  city  of  Book  Island, 
111.  This  is  a  city  of  perhaps  is  ooo  inhabitants,  and  draws  its  supply 
from  the  Mississippi  River.  While  having  a  reasonable  number  of 
manufacturing  establishments,  it  has  no  great  manufacturing  interests 
which  would  consume  large  quantities  of  water,  and  there  is  no  ap- 
parent reason  for  the  excessive  consumption  of  water  which  is  taking 
place. 

The  following  table  gives  the  average  daily  consumption  per  capita 
for  each  month  of  each  year  since  1889,  and  exhibits  the  excessive  con- 
sumption in  that  city  in  detail. 

Table  Showing  Consumption  of  Water  at  Rock  Island,  III. 
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*  Averages  from  April  to  April. 

t  Average  from  April  to  September. 

To  ascertain  the  rate  of  consumption  for  different  portions  of  the 
24  hours,  observations  were  taken  for  two  days  in  September  and  for 
the  three  days,  November  30th,  December  1st  and  2d,  1894.  From  the 
half-hourly  readings  of  the  pump  counters,  Fig.  2  was  plotted.  It 
will  be  noticed  in  the  part  of  the  diagram  for  September,  that  the 
minimum  rate  is  almost  73%  of  the  average,  and  about  56%  of  the 
maximum  rate,  the  minimum  rate  at  night  being  about  1  400  galls,  per 
minnte.  In  November  and  December  the  average  minimum  rate  is 
about  90%  of  the  average  rate  and  about  72%  of  the  maximum  rate. 
While  the  maximum  rate  of  2  500  galls,  per  minute  in  September  has 
fallen  in  November  and  December  to  1  600  galls,  per  minute,  a  decrease 
of  900  galls,  per  minute,  the  minimum  rate  at  night  has  decreased  only 
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Fig.  2. 
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Mr.  Mead,  about  80  galls,  per  minute.  There  is  evidence  is  the  diagram  of  an 
excessive  waste  of  water,  which,  if  remedied,  would  have  a  marked  in- 
fluence on  the  relative  capacity  of  fche  plant.  Borne  of  the  Bmaller 
irregularities  in  the  diagram  oao  probably  be  accounted  for  by  prob- 
able Lrregularil  Lee  in  t  he  reading  of  the  counter. 

Pig.  3  shows  the  mean  curve  of  the  rate  of  consumption  of  water 
at  Bockford,  111.,  for  six  days  in  June,  1895.  Rock  ford  is  a  city  of 
about  30  000  inhabitants,  and  the  average  consumption  of  water  is 
about  90  galls,  per  capita,  considerably  less  than  that  of  Rock  Island. 
The  large  consumption  of  water  during  the  night,  when  the  consump- 
tion should  be  relatively  small,  would,  however,  seem  to  indicate  an 
excessive  waste  of  water.  The  diagram  shows  the  large  consumption 
during  the  sprinkling  hours  and  the  effect  of  a  higher  temperature  on 
the  use  of  water. 
Mr.  HazcD.  Allen  Hazen,  Esq. — The  statistics  on  page  219  in  regard  to  the  con- 
sumption of  water  in  30  cities  in  Germany  and  German  Switzerland 
have  been  taken  from  the  excellent  statistical  report  of  the  German 
Society  of  Gas  and  Water  Experts  for  the  year  1893.  This  report 
contains  statistical  information  with  regard  to  75  water-works,  from 
which  the  30  were  selected,  either  because  the  statistics  were  more 
complete  than  for  the  others,  or  because  the  cities  were  larger  and  have 
greater  interest.  The  quantities  are  stated  in  the  original  report  in 
cubic  meters  annually  for  the  entire  city,  and  have  been  reduced  to 
gallons  per  inhabitant  daily  by  the  use  of  a  slide  rule.  They  are 
thus  only  approximately  exact,  although  it  is  believed  there  are  no 
large  errors,  because  the  totals  have  been  checked  with  the  sums  of  the 
various  parts  in  each  case  after  reduction. 

In  addition  to  the  data  given  in  the  table,  this  report  contains 
detailed  information  in  regard  to  the  quantities  of  water  used  for  the 
various  public  purposes  in  many  of  the  cities,  although  the  quantities 
of  water  used  for  different  purposes  are  often  not  stated  in  full,  par- 
ticularly where  the  total  quantity  for  public  purposes  is  but  small. 

The  water-works  themselves  require  a  quantity  of  water  ranging- 
from  nothing  to  over  6  galls.,  and  averaging  for  16  cities  0.54  gall,  per 
inhabitant  daily.  Street  sprinkling  requires  from  0.01  gall,  to  1.10 
galls. ,  averaging  0. 34  gall,  for  28  cities.  A  further  quantity  of  water, 
ranging  from  nothing  to  1.35  galls.,  was  used  for  watering  parks,  and 
averaged  0.23  gall,  for  22  cities.  Ornamental  fountains  required  from 
0.01  gall,  to  3  galls.,  and  in  one  case  6  galls.,  averaging  0.66  gall,  for 
26  cities.  Drinking  fountains  required  from  0.01  to  5.23  galls.,  averag- 
ing 0.95  gall,  for  21  cities.  Flushing  and  washing  gutters  required 
from  0.01  to  0.49  gall.,  averaging  for  7  cities  0.08  gall.,  and  sewer 
flushing  required  from  0.01  to  1.52  galls.,  averaging  0.42  gall,  for  17 
cities.  Public  closets  required  from  0.02  to  1.69  galls.,  averaging 
0.53  gall,    for   26  cities.     From    0.001    to  0.63  gall,  was  required  for 
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extinguishing  fires,  averaging  0.07  gall,  for  18  cities,  but  in  only  two  Mr.  Hazen. 
cases  was  the  quantity  above  0.025  gall.  Nineteen  cities  report  water 
used  for  special  purposes  not  specified,  ranging  from  0.001  gall,  to  4.43 
galls.,  averaging  0.82  gall.  The  sum  of  these  averages  is  4.04  galls., 
but  owing  to  the  incompleteness  of  the  returns,  and  to  the  fact  that 
probably  many  of  the  cities  use  no  water  for  some  of  the  purposes, 
and  as  zeroes  are  not  included  in  the  average,  the  result  so  calculated 
is  considerably  higher  than  the  3.61  galls. ,  which  is  the  average  quantity 
for  all  public  purposes  shown  in  the  table. 

Use  of  Wateb  ev  Some  Geeman  Cities. — Gallons  pee  Capita  Daily. 


Place. 

Population. 

Consump- 
tion. 

Public 
purposes. 

Private. 
Metered. 

Private. 
Estimated. 

Not  ac- 
counted for. 

156  500 

118  500 

74  500 

1,606  424 

52  000 

335  000 

139  374 

255  000 

105  712 

107  085 

280  200 

155  900 

137  000 

186  000 

48  200 

583  700 

189  976 

120  000 

74  200 

72  000 

162  000 

198  000 

298  000 

145  000 

70  000 

118  000 

139  200 

66  000 

61  032 

96  650 

26.70 
33.59 
34.78 
16.37 
24.94 
21.71 
11.50 
45.22 
18.52 
26.70 
21.54 
22 .  10 
29.92 
36.26 
41.46 
58.00 
18.40 
21.94 
28.14 
20.18 
16.87 
25.24 
34.00 
17.41 
13.33 
31.54 
21.34 
20.74 
35.50 
56.71 

Basel 

1.33 
7.47 
1.63 
0.79 
6.01 
3.35 
8.9-2 
0.61 

11.30 

19.80 

14.45 

11.40 

15.70 

8.15 

5.70 

4.71 

11.30 

12.39 

10.80 

22.75 

5.40 

12.46 

17.60 
0.96 

12.50 

3.36 
6.55 
0.29 
0.25 

30.60 
13.20 

7.30 

7.65 

0.01 

28.30 

22.00 

Crefeld 

Elberfeld 

1.80 
1.44 
7.16 
2.56 
7.00 
2.87 
1.15 
1.18 
8.64 
2.22 
1.21 
2.22 
1.00 
4.03 
2.01 
2.37 
5.60 
6.14 

0.05 
2.21 

4.26 

10.06 

6.20 

2.09 

2.06 

20.60 

31.30 

8.10 

9.22 

3.67 

6. 75 

12.70 

27.00 

19.45 

13.00 

10.70 

13.30 

15.46 

13.60 

0.01 

1.70 

3.35 

0.06 

25.50 

7.90 

0.10 

Halle 

Kiel 

0  41 

2.43 

1  93 

2.04 

Zurich. 

1.04 
1.80 

6.76 

30.50 

27.69 

3.61 

Xo  separate  accounts  are  kept  of  the  quantities  of  water  used  for 
manufacturing  and  domestic  purposes,  both  being  classed  as  water  sold 
and  paid  for.  Manufacturing  is  extensively  carried  on  in  many  of  the 
cities,  but  the  writer  judges  that  a  much  larger  proportion  of  estab- 
lishments have  their  own  independent  and  cheaper  supplies  than  is 
the  case  in  America.  This  is  particularly  the  case  in  Berlin,  where 
even  boilers  in  houses  are  commonly  fed  with  well  water,  which  is 
everywhere  easily  obtained,  but  is  not  allowed  to  be  used  for  domestic- 
purposes. 

The  Berlin  water-works  afford  an  unusually  interesting  example  of 
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Mr.  1 1 ;i zi'ii.  accounting  for  all  of  I  In-  water  i )um ))(m1.  The  following  table  h;is  been 

freely  translated  and  slightly  condensed  from  the  annual  report   for 

L892-98,  and  indicates  only  *lk%  <>t'  water  lost  through  Leakage,  under 
registration  of  meters  and  other  causes: 

Water  Used  in  Berlin,  1892-(.K'>. 


I.— For  water-works  purposes,  feed  water  for  boilers 

and  testing  meters 

II— Supplied  without  payment  for  public  purposes. 
A. — Metered. 

Sprinkling  public  parks  and  gardens 

Cleaning  public  monuments 

Fourteen  public  ornamental  fountains 

Used  by  seven  public  closets  and  urinals 

Used  for  military  telegraph  station 

Used  for  flushing  sewers 

B. — Estimated  in  Various  Ways. 

Flushing  gutters 

Extinguishing  fires .... 

Street  sprinkling 

Watering  trees  in  public  streets 

Used  by  140  public  closets  and  urinals 

At  the  "Urania  "  exhibition 

To  this  add  loss  through  leakage,  emptying  and 

filling  mains,  under-registration  of  meters  and 

some  special  uses 

III.— Used    and    paid    for  by  water-takers  by    meter 

measurement 

The  water  is  thus  divided  as  follows  : 

I. — Water-works  purposes    

II. — Public  purposes  without  payment  and  loss 

III.— Paid  for  by  water-takers 


Cubic 
meters. 


296  533 


Percentage. 


0.741 


Gallons 
per  1 
daily. 


0.131 


264  986 

0.662 

0.118 

261 

0.001 

0.000 

702  079 

1.754 

0.311 

9  754 

0.024 

0.004 

200 

0.000 

0.000 

1  306  950 

3  263 

0.578 

82  056 

0.205 

0  036 

4  382 

0.011 

d.002 

1  115  063 

2.785 

0.495 

23  927 

0.060 

0.011 

745  620 

1.863 

0.330 

7  6U0 

0.019 

0.003 

1  028  225 

2.568 

0.455 

5  290  603 

13.215 

2.343 

34  448  786 

86.044 

15.276 

296  533 

0.741 

0.131 

5  290  603 

13.215 

2.343 

34  448  786 

86.044 

15.276 

40  035  922 

100.000 

17.750 

It  should  be  stated,  however,  that  in  calculating  the  quantity  of 
water  supplied,  an  allowance  of  10%  is  made  for  the  slip  of  the  pumps. 

In  regard  to  the  meters  it  might  be  said  that  in  general  all  the 
water  used  in  an  apartment  house  is  measured  at  one  place,  and  paid 
for  by  the  owner  of  the  building,  but  on  large  services  two  meters,  a 
large  and  a  small  one,  are  used,  the  larger  meter  registering  the  flow 
when  the  velocity  exceeds  the  capacity  of  the  smaller  meter  and  the 
smaller  meter  registering  when  the  flow  is  too  slow  to  afford  accurate 
results  with  the  larger  meter.  The  water  is  automatically  taken 
through  either  one  or  the  other  of  the  meters,  according  to  the  velocity 
passing,  and  the  sum  of  the  quantities  registered  is  the  total  quantity 
passed. 
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Dexter  Brackett,  M.  Am.  Soc.  C.  E. — In  reply  to  Mr.  Thomson's  Mr.  Brackett. 
inquiry,  the  author  will  say  that  the  London  districts  were  under  con- 
stant supply,  and  the  conditions  were  practically  the  same  as  in  the 
case  of  Newton,  Fall  River  and  Worcester.  The  experience  of  the  New 
York  Engineers'  Club  is  almost  identical  with  that  of  hundreds  of 
water-takers.  Unseen  leaks  are  allowed  to  continue  for  years,  until 
the  application  of  a  meter  and  the  presentation  of  a  water  bill  proves 
their  existence. 

Mr.  Kuichling  calls  attention  to  the  fact  that  the  quantity  used  in 
the  different  months  is  much  more  uniform  when  the  water  is  supplied 
through  meters.  This  is  without  doubt  due  to  the  fact  that  the  ex- 
travagant use  of  water  during  the  summer,  and  the  waste  to  prevent 
freezing  of  service  pipes  in  the  winter,  are  both  largely  prevented  by 
the  application  of  meters.  The  property-owner  finds  a  way  to  protect 
his  service  pipe  from  freezing  when  he  is  obliged  to  pay  for  the  water 
used. 

While  the  author  agrees  with  Mr.  Le  Conte  that  there  will  be  in 
the  future  a  legitimate  increase  in  the  per  capita  use  of  water,  he  does 
not  believe  that  a  supply  of  200  galls,  per  head  should  be  provided 
for  our  large  cities.  The  use  of  water  for  hydraulic  elevators  and 
motors  should  not  be  encouraged,  except  where  the  supply  is  unlimited 
and  near  at  hand. 

There  is  no  doubt  but  that  the  Deacon  meter  in  sizes  larger  than 
12  ins.  would  be  cumbersome,  but  for  general  use  in  waste  detection 
sizes  larger  than  6  ins.  are  rarely,  if  ever,  wanted.  The  6-in.  meter  is 
the  only  size  found  necessary  in  Boston,  and  in  England  the  4-in.  meter 
is  very  generally  used. 

An  experience  of  15  years  has  never  shown  any  necessity  for  plac- 
ing the  meter  on  a  by -pass  when  used  in  connection  with  a  pipe  of  the 
same  size,  on  account  of  the  danger  that  the  waterway  may  become 
clogged,  or  because  of  the  head  lost.  The  custom  in  England  is  to 
place  the  meters  directly  on  the  line  of  the  pipe,  but  the  author  has 
found  it  more  convenient  to  place  them  under  the  sidewalk  on  account 
of  convenience  of  access,  and  for  the  further  reason  that  the  6-in. 
meters  are  often  used  in  connection  with  12-in.  mains. 

As  the  area  of  the  waterway  through  the  meter  is  equal  to  or  larger 
than  that  of  the  pipe  with  which  it  is  connected,  it  is  difficult  to  under- 
stand how  any  substances  found  in  drinking  water  could  clog  the 
meter,  and,  as  the  velocity  through  the  meter  seldom  exceeds  5  ft.  per 
second,  the  head  lost  is  inappreciable. 

Mr.  Herschel  claims  that  in  the  case  of  the  Venturi  meter  no  by- 
pass is  needed,  and  that  the  head  lost  is  a  trifle.  In  the  Venturi 
meter,  as  ordinarily  made,  the  throat  of  the  meter  has  a  diameter  one- 
third  that  of  the  pipe,  with  one-ninth  of  the  area,  and  the  velocity  of 
the  water  is  consequently  increased  nine  times.     It  would  seem  prob- 
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mi.  Bracket  t.  able  that  a  <>-in.  pipe  contracted  to  an  « » |  > « - 1 1  i  1 1  «_r  2  ins.  in  diameter  would 
i>c  more  Liable  to  oanse  Loss  <>t'  head  in  a  pipe  system  than  fche  full  area 
waterway  of  t he  Deacon  meter. 

Under  some  conditions,  in  large  mains  for  example,  where  the 
ohanges  in  velocity  are  not  great,  the  Ventnri  meter,  without  donbt, 
will  give  good  results,  but  when  it  is  remembered  that  the  lead  varies 
as  the  square  of  the  velocity,  and  that  the  quantities  measured  by  the 
(J-in.  Deacon  meter  vary  from  1  000  to  15  (MM)  galls,  per  hour,  it  is 
evident  either  that  the  head  lost  at  the  higher  velocity  will  be  ex- 
cessive, or  that  the  head  at  the  lower  velocity  will  be  difficult  to 
record. 
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THE    SEPARATE    SEWER    SYSTEM   WITHOUT 
AUTOMATIC  FLUSH  TANKS. 


By  F.  S.  Odell.  1£  Am.  Soc.  C.  E. 

Read  at  the  Annual  Convention,  June.  1895. 


\TITH  DISCUSSION. 


In  the  Transactions  of  this  Society,  Vol.  X.  page  29.  the  statement 
is  made  :  "  The  flush  tanks  which  make  the  separate  system  practicable 
are  placed  at  the  head  of  each  branch  sewer." 

So  far  as  the  author  is  aware,  this  statement  remains  unchallenged 
in  the  literature  on  this  subject  up  to  the  present  time.  It  was  held 
that  unless  a  system  of  sewers  excluding  storm  water  was  flushed  by 
the  artificial  introduction  of  water  at  frequent  intervals,  stoppages 
would  most  assuredly  occur,  and  to  such  an  extent  as  to  greatly 
impair,  if  not  entirely  vitiate,  the  usefulness  of  such  a  system.  The 
supposed  necessity  for  frequent  flushing  speedily  brought  into  exist- 
ence a  number  of  excellent  devices  for  automatically  discharging  the 
contents  of  storage  tanks  or  cisterns  when  rilled  to  a  certain  level,  and 
thus  it  is  possible  to  regulate  the  periods  of  flushing  by  limiting  the 
streams  by  which  the  tanks  are  fed.  These  automatic  flush  tanks  have 
been  adopted  almost  universally  as  an  integral  part  of  the  sejjarate 
sewer  system,  and  doubtless  engineers  still  consider  them  indisjDensa- 
ble  adjunct-. 
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William  E.  Worthen,  Pad  President  tan.  Soc.  C.  EL,  entertained 
Beriona  misgivings  oonoerning  the  virtue  of  frequent  flushings  of 
Movers  with  sucli  snuill  quantities  <»f  water  as  the  capacity  of  tin;  ordi- 
nary flush  tank.  The  inadequacy  of  the  water  supply  to  furnish  even 
the  small  additional  quantity  of  water  for  operating  flush  tanks  on  the 
sewer  system  at  Mount  Vernon,  N.  Y.,in  the  years  1HHK  and  18H'.».  gave 
a  convenient  excuse  to  abandon  the  theoretical  necessity  of  automatic 
flushing,  and  to  test  in  a  practical  manner,  on  a  sufficiently  extensive 
scale,  how  a  separate  system  of  sewers  would  behave  when  flush  tanks 
were  entirely  omitted.  The  system  of  sewers,  about  20  miles,  was 
therefore  constructed  without  flush  tanks.  Manholes  were  located  at 
all  dead  ends,  and  at  intervals  of  about  400  ft.  along  the  lines  of 
sewers  ;  the  minimum  size  of  pipe  sewer  was  fixed  at  8  ins.  diameter, 
increasing  in  size  in  the  district  trunk  sewers  to  20  ins. ;  they  were  laid 
in  the  usual  manner,  true  to  line  and  grade,  all  changes  in  direction 
being  made  at  manholes. 

By  an  ordinance  of  the  Health  Department,  all  surface  and  storm 
water  was  excluded  from  the  sewers,  except  that  roof  water  from  one  or 
two  buildings  at  each  summit  or  dead  end  was  allowed  to  enter  for 
flushing  purposes.  The  general  inspector  also  deemed  it  wise  to  use 
additional  precaution  against  stoppages,  and  therefore  ordered  fre- 
quent flushings  from  fire  hydrants,  introducing  the  water  through  2J- 
in.  hose  into  manholes  along  the  line  of  sewers. 

This  was  the  condition  of  things  in  1892,  when,  as  Commissioner  of 
Public  Works  under  a  new  city  charter,  the  author  assumed  charge  of 
the  sewer  system.  It  was  not  without  considerable  trepidation  and 
visions  of  serious  trouble  from  clogged  sewers,  flooded  basements  and 
cellars,  that  the  work  of  investigating  the  condition  of  the  sewers  was 
begun.  Frequent  connections  with  the  sewers  at  that  time  materially 
aided  in  this  examination,  and  disclosed  a  very  wholesome  and  satis- 
factory condition  indeed.  No  deposits  were  found,  no  gases  could 
be  detected,  nor  any  objectionable  odor. 

It  was  not  long,  however,  before  an  unexpected  difficulty  manifested 
itself.  A  severe  rainstorm  occurred,  and  a  deep  basement  in  the  lower 
part  of  the  city  became  flooded  to  a  depth  of  5  or  6  ins.  An  examina- 
tion of  the  sewer  in  that  vicinity  showed  an  abnormal  quantity  of 
water  standing  3  or  4  ft.  in  the  nearest  manhole.  Continued  observa- 
tion of  this  locality  at  each  recurring  rainstorm  established  the  fact 


ODELL   OX    SEPARATE    SEWEB    SYSTEM.  225 

that  too  niucli  storm  water  was  rinding  its  way  into  the  sewers,  and 
while  not  a  little  entered  through  the  perforated  covers  of  the  man- 
holes, it  became  evident  that  it  came  also  from  other  Bonroes.  Up  to 
this  time  no  jurisdiction  had  been  exercised  by  the  municipality  over 
the  plumbing  in  buildings  connected  with  the  sewers,  and  no  inspec- 
tion made  of  any  portion  of  the  drainage  system  of  dwellings  or  other 
buildings,  save  that  portion  of  the  drain  within  the  limits  of  the  street. 

It  became  necessary  to  exclude  storm  water  from  the  sewers.  An 
ordinance  was  passed  by  the  Common  Council  revoking  all  permits  for 
connecting  rain-water  leaders  with  the  sewers,  and  an  inspector  was 
appointed  to  enforce  the  ordinance.  A  house-to-house  inspection  was 
made  of  all  premises  connected  with  the  sewers,  and  storm-water  con- 
nections cut  off  wherever  found.  About  this  time  the  State  law  re- 
quiring plumbing  inspection  in  all  cities  went  into  effect,  so  that  all 
connections  since  made  are  subject  to  inspection  and  storm-water  con- 
nections precluded.  Complaints  of  back  water  from  sewers  have 
ceased,  and,  so  far  as  known,  storm  water  is  now  entirely  excluded 
from  the  sewers. 

During  the  year  1893  periodical  flushing  was  continued,  but  fre- 
quent observations  seemed  to  warrant  the  lengthening  of  the  intervals 
between  flushings,  until  in  1894  the  intervals  were  extended  to  six 
months,  and  this  rjeriod  is  now  regularly  maintained.  The  spring  and 
fall  seasons  are  selected  for  this  work,  there  being  an  abundance  of  water 
available  then.  It  is  considered  advisable  to  continue  semi-annual 
flushing,  although  the  necessity  for  it  dees  not  appear.  In  all  new 
work  the  author  is  having  direct  connections  made  between  the  water 
mains  and  dead  ends  of  sewers  by  the  use  of  a  4-in.  pipe  and  gate;  with 
this  the  work  of  flushing  is  done  very  quickly  and  effectually. 

It  may  be  interesting  to  note  here  that  during  the  three  years  cov- 
ered by  the  author's  observation  and  control  of  this  sewer  system.  >ix 
stoppages  have  occurred.  Two  were  occasioned  by  excavations  carried 
below  the  sewers,  the  pipes  being  broken  from  settlement  of  the  loose 
material;  two  more  were  caused  by  bedding  and  whole  garments  im- 
properly permitted  to  enter  the  sewers:  one  stoppage  was  the  result  of 
coal  tar  escaping  from  the  gas  works,  and  last  but  not  least,  the  same 
mischief  was  the  work  of  the  roots  of  a  willow  tree.  Singularly 
enough,  this  last  was  the  only  stoppage  in  the  lateral  sewers;  all  the 
others  occurred  in  district  trunk  sewers,  with  a  constant  flow  of  sew- 
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age,  a n<  1  so  far  removed  From  the  dead  ends  as  to  be  scarcely  suscept 
Lble  to  the  influence  «>t'  flush  tanks,  bad  they  been  in  me. 

It  i-  not   tli«-  purpose  of  this  paper  to  advocate  the  omission  of 

Hush  tanks  from  all  separate  Bewei   Systems,  but  to  show    tliey  are    not 

an  essential  feature;  and  when,  from  any  sufficient  reason,  such  as  an 
insufficient  <>r  costly  supply  of  water,  they  may  }»■  entirely  dispensed 
with. 


DISCUSSION. 


Mr.  Darracii.  C.  G.  Dahkach,  M.  Am.  Soc.  C.  E. — In  the  village  of  Ridley  Park. 
Pa.,  where  the  speaker  resided,  there  has  been  a  separate  system  of 
sewerage  for  16  years,  which  has  grown  gradually  to  a  length  of  ap- 
proximately 5  miles.  The  drains  from  the  houses  to  the  sewers  are  3 
to  4  ins.  in  diameter,  and  the  sewers  are  4,  6,  8  and  12  ins.  in  diameter. 
During  the  entire  period  of  the  speaker's  residence  in  the  town  there 
had  been  no  clogging  of  the  sewers,  although  the  only  flushing  water 
admitted  to  them  is  a  small  amount  of  rain  water  at  the  ends. 
Mr.  Hering.  Rudolph  Hering,  M.  Am.  Soc.  C.  E. — The  speaker  was  pleased  to 
see  the  paper  expressed  the  same  views  on  automatic  flushing  which  he 
had  held  for  16  years,  but  he  was  surprised  to  hear  the  author  state  it 
had  been  the  general  opinion  of  engineers  that  flush  tanks  were  neces- 
sary for  the  proper  operation  of  the  separate  system.  In  1880  he  in- 
spected the  existing  separate  sewerage  systems  in  England,  constructed 
in  accordance  with  the  principles  since  largely  followed  in  this 
country,  and  they  were  not  flushed  by  automatic  flush  tanks.  He  ex- 
amined them  very  carefully  by  descending  into  the  manholes,  looking 
up  the  pipes  and  otherwise  at  all  places  where  they  were  accessible, 
and  found  they  were  kept  in  very  good  condition  without  the  use  of 
such  automatic  flush  tanks.  He  did  not  wish  to  be  understood  as  op- 
posed to  these  appliances  in  themselves;  on  the  contrary,  he  had  fre- 
quently recommended  them.  Under  certain  conditions  they  are  very 
useful,  economical  and  effective,  particularly  where  the  cost  of  water 
is  low  enough  to  permit  the  use  of  especially  large  tanks.  He  had 
found  the  automatic  tanks  of  more  advantage  on  steep  than  flat  grades, 
the  advantage  being  that  the  bulk  of  the  water  passes  through  the 
pipe  somewhat  like  a  piston,  thus  cleaning  it  more  effectually.  If  the 
grades  are  light,  discharges  of  200  to  300  galls,  generally  lose  their 
flushing  power  after  passing  a  few  hundred  feet  through  the  pipe,  and 
500  ft.  from  the  tank  he  had  sometimes  been  unable  to  detect  any  dif- 
ence  in  the  flow  due  to  the  operation  of  such  an  apparatus.  While 
their  use  is  to  be  recommended  in  many  places,  they  certainly  do  not 
form  an  essential  part  of  the  separate  system  of  sewerage. 
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CORRESPONDENCE. 


Wynkoop  Kiersted,  M.  Am.  Soc.  C.  E.— The  author  has  raised  an  Mr.  Kiersted. 
interesting  point  regarding  the  relation  of  automatic  flush  tanks  to 
the  separate  system  of  sewers  in  assuming  that  engineers  generally 
considered  them  indispensable  adjuncts  to  separate  sewerage.  The 
quotation  contained  in  the  first  paragraph  of  the  paper  refers  specifi- 
cally to  the  Memphis  sewer  system,  and,  like  several  other  claims  for 
that  sewer  system  which  were  made  at  the  time  of  its  construction,  has 
never  been  generally  accepted  as  correct  so  far  as  the  writer  is  aware. 
If  the  quoted  statement  has  remained  unchallenged  in  current  litera- 
ture, it  is,  perhaps,  because  the  flushing  of  separate  sewers,  even 
though  at  times  unnecessary,  and  the  attachment  to  the  sewer  system 
of  apparatus  intended  for  that  purpose  do  not  in  any  particular  affect 
prejudicially  the  operation  of  the  sewers. 

As  the  writer  understands  the  question  of  flushing,  the  prevailing 
opinion  among  engineers  is  that  while  the  flushing  of  sewers  may  be 
satisfactorily  accomplished,  so  far  as  the  immediate  effect  upon  the 
sewers  is  concerned,  by  confining  flushing  water  from  a  hydrant  in  a 
manhole  at  the  summit  of  a  lateral  until  full,  then  suddenly  releasing 
it,  or  by  means  of  a  portable  flush  tank;  still,  in  cases  where  frequent 
flushing  is  desired,  the  automatic  flush  tank  affords  an  economical  and 
convenient  means  of  accomplishing  the  desired  result  in  the  upper 
portion  of  light  grade  lateral  sewers,  which  seldom,  if  ever,  flow  more 
than  a  mere  driblet  of  sewage  containing  solid  matter  but  partially 
disintegrated.  The  question  of  flushing  and  the  means  to  that  end  are 
associated  largely  with  questions  bearing  upon  the  maintenance  and 
operation  of  a  sewer  system  after  construction.  In  determining 
whether  flushing  is  or  is  not  necessary,  the  sewer  gradient  becomes  a 
controlling  factor.  If  flushing  be  thought  necessary,  considerations 
of  economy  in  maintenance  and  operation  usually  decide,  or  should 
decide,  whether  automatic  flush  tanks  or  other  flushing  devices  be 
used.  This  observation  may  apply,  not  only  to  the  separate  system  of 
sewers,  but  also  in  a  greater  or  less  degree  to  the  combined  system. 

The  tendency  of  undisintegrated  solids  to  deposit  in  the  upper  por- 
tion of  a  lateral  sewer,  and  to  thereby  obstruct  it,  affects  the  flow  of  a 
sewer  of  heavy  gradient  much  less  than  it  does  one  of  light  gradient, 
as  usually  the  accumulated  head  of  sewage  behind  the  obstruction  in 
the  former  case  would  be  sufficient  to  remove  the  obstruction,  while 
in  the  latter  case  assistance  by  flushing  or  otherwise  may  occasionally 
be  found  necessary.  In  this  connection  it  would  be  interesting  to 
know  the  grades  of  the  Mount  Vernon  sewer  system. 

So  far  as  the  writer's  experience  and  observation  affords  a  basis  for 
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Mr.  ciereted,  as  opinion,  be  believes  that  bhe  effloienl  flushing  effeol  oi  the  auto- 
matic tlusli  tank  La  confined  to  a  very  Limited  Length  of  sewer  and  thai 

in    many    instances   it    may    lir    dispensed    with    without    prejudicially 

affecting  the  sanitary  condition  of  the  lateral  sewer.     Occasional  flush- 
ing in  the  manner  which  the  author  desoribea  will,  in  all  probability, 

be  found  in  many  places  other  than  Mount  Vernon  to  meet  all  the  de- 
mands for  preserving  cleanliness  in  the  sewers  of  the  separate  or  com- 
bined system,  and  often  even  more  efficacious  than  the  automatic  flush 
tank  for  that  purpose.  In  one  sewer  system  which  the  writer  design*  d 
he  recommended  an  automatic  flush  only  on  laterals  of  less  than 
0.5%  grade.  The  system  has  now  been  in  operation  five  years  with  a 
record  of  but  few  stoppages.  The  minimum  size  of  pipe  is  8  ins. ,  and 
all  changes  of  direction  are  in  the  manholes. 
Mr.  Allen.  Kenneth  Allen,  M.  Am.  Soc.  C.  E. — The  extent  to  which  auto- 
matic flush  tanks  may  be  omitted  from  sewers  of  the  separate  system 
is  well  worth  consideration  on  the  grounds  of  both  sanitation  and 
economy.  It  is  a  question  of  the  relative  amount  of  sludge  to  be 
transported  and  the  available  grade.  The  writer  thinks,  from  the 
wording  of  the  paper,  that  the  erroneous  impression  might  be  received 
that  the  accredited  omission  of  flush  tanks  is  a  novel  practice,  whereas, 
since  the  suggestion  of  a  separation  of  the  house  sewage  in  England  in 
1842,  by  Mr.  Edwin  Chadwick,  and  its  introduction  soon  after,  it  was 
a  good  many  years  before  what  is  known  as  the  automatic  flush  tank 
was  introduced  into  sewerage  works.  In  many  instances  the  rain  water 
from  leaders  was  depended  upon;  in  others,  as  in  Liverpool  to-day, 
portable  tanks  are  emptied  periodically  into  manholes,  while  in  others 
all  special  means  of  flushing  have  been  omitted. 

The  writer  is  a  thorough  believer  in  flushing  sewers  of  the  separate 
system  by  some  method  under  ordinary  conditions,  but  the  experience 
at  Mount  Vernon  has  indicated  that  with  good  grades  and  well-built 
sewers,  flush  tanks  are  not  as  essential  as  is  commonly  supposed.  The 
effect  of  the  flush,  it  is  true,  does  not  extend  far  below  the  tank.  To 
ascertain  this  decrease  in  the  flow,  the  writer  made  a  few  observations 
of  the  discharges  from  Rhoads-Williams  tanks  put  in  by  him  at  Fort 
Supply,  I.  T.,  some  years  ago.  The  results,  which  are  given  in  the 
following  tables,  were  for  clean  and  empty  sewers,  receiving  no  other 
water.  The  pipes  were  in  2-ft.  lengths  and  were  laid  to  line  and  grade  with 
exceptional  care.  As  gaskets  were  not  used,  the  work  was  new  and  the 
soil  a  perfectly  dry  open  sand,  it  is  probable  that  some  slight  loss  from 
leakage  occurred,  but  the  amount  was  not  ascertained.  The  results 
given  are  of  course  too  meager  in  number  and  the  local  conditions  were 
too  unusual  to  afford  a  basis  of  calculation  for  other  work,  and  are 
given  here  as  there  seems  to  be  scarcely  any  printed  data  on  the  sub- 
ject. They  show  clearly  the  limited  value  of  the  flush  when  there  is 
not  a  good  flow  of  sewage  or  a  coincidence  in  the  times  of  discharge. 
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Flush  Tank  "H." 
Capacity,  360  galls.     Time  to  discharge,  46  seconds. 


Mr.  Allen. 


Reach. 

Size  of 
sewer. 

Distance. 

Grade. 

Average 
velocity, 
front  of 
discharge. 
Feet  per 
secoud. 

Duration  of 
maximum 
discharge. 

Maximum 
depth  on 
invert  (ap- 
proximate). 

Manhole  1  to  Manhole  2. 
2  to        "         3. 

6  ins. 
6    " 
6    " 

558  ft. 
260    " 
260    '« 

1.09% 
1.79% 

5.03 
4.56 
3.17 

1  min.  57  sec. 
3      "     18     " 

2  "     30     •« 

34   ins. 

3 

S 

Flush  Tank  "K." 

Capacity,  360  galls.     Time  to  discharge,  54  seconds. 


Reach. 

Size  of 
sewer. 

Distance. 

Grade. 

Average 
velocity, 
front  of 
discharge. 
Feet  per 
second. 

Duration  of 
maximum 
discharge. 

Maximum 
depth  on 
invert  (ap- 
proximate). 

Manhole  4  to  Manhole  5. . 
"        5  to        "         6*. 

6  ins. 
6    " 
8    «« 

680  ft. 

484  •' 
500  " 

0.52% 
0.40% 
0.20% 

3.27 
1.96 
1.33 

2  min.  30  sec. 
4      "       7    " 

3  to  5  ins. 
3| ins. 

*  A  slight  current  was  flowing  through  this  reach  at  the  time  of  discharge. 

Flush  Tank  "M." 
Capacity,  230  galls.     Time  to  discharge,  32  seconds. 


Reach. 

Size  of 
sewer. 

Distance. 

Grade. 

Average 
velocity, 
front  of 
discharge. 
Feet  per 
second. 

Duration  of 
maximum 
discharge. 

Maximum 
depth  ou 
invert  (ap- 
proximate). 

Tank  to  Manhole  7. . . . 

6  ins. 
6    " 
6    " 
8    " 

575  ft. 

260  •« 
321  " 

775  »« 

2.8% 
0.5%" 
0.5% 
0.2% 

6.25 
3.56 
1.86 
1.17 

Full. 

Manhole  7  to  Manhole  8. 

2£  ins. 

8  to         "        9. 

9  to         "       10* 

1  min.  20  sec. 

3      " 

*  This  reach  was  somewhat  soiled  when  measurements  were  made. 

Flush  Tank  "N." 
Capacity,  379  galls.     Time  to  discharge,  1  minute. 


Reach . 

Size  of 
sewer. 

Distance. 

Grade. 

Average 
velocity, 
front  of 
discharge. 
Feet  per 
second. 

Duration  of 

maximum 

discharge. 

Maximum 
depth  on 
invert  (ap- 
proximate). 

Tank  to  Manhole  11 

6  ins. 
8    «« 

8    " 
8    *' 

435  ft. 
500  " 
500  " 

500  " 

0.4% 
0.2% 
0.2% 
0.2% 

3.95 
1.35 
0.91 
0.74 

2|  ins. 
2i     « 

}      « 

Manhole  11  to  Manhole  12 

12  to         «'        13 

13  to         "        14 

2  min.  30  sec. 
6  min.    3  sec. 
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Mr. Folwell.  A.  Pkkscott  Koui.i.i,.  \ssoc.  M.  Am.  Boo.  0.  K.  The  writer  be- 
lieves thai  the  author  takes  too  Literally  the  wording  <>f  the  quotation 
forming  his  text.  Be  does  qoI  think  it  has  ever  been  generally  claimed 
thai  "flush  tanks"  make  the  separate  system  practicable,  bu1  it  bas 
undoubtedly  been  claimed  thai  flushing  does  so,  and  flush  tanks  are 
usually  recommended  and  employed,  and  arc  cheaper  and  more  reliable 
than  flushing  by  means  of  a  hose  or  other  appliance  when  intrusted  t<> 
oareless  employees.  The  writer  knows  many  engineers  who  do  not 
consider  tanks  indispensable.  In  most  of  the  systems  which  be  has 
designed  he  has  recommended  the  use  of  flush  tanks,  but  has  suggested 
other  methods  for  attaining  the  same  end  should  there  be  any  reason 
for  omitting  them.  The  experience  of  several  of  these  systems  which 
have  for  a  time  dispensed  with  them  will  be  referred  to  later. 

After  a  careful  reading  the  writer  is  in  doubt  whether  the  author 
wishes  to  challenge  the  correctness  of  the  quoted  statement  should 
flushing  be  substituted  for  flush  tanks.  He  claims  that  "flush  tanks 
*  *  *  are  not  an  essential  feature  of  *  *  *  all  separate  sewer  systems." 
The  writer  hopes  he  will  state  whether,  as  the  result  of  his  experience,  he 
considers  flushing  necessary  for  all  separate  sewer  systems,  and  also 
that  he  will  give  the  minimum  grades  in  the  Mount  Vernon  sewers, 
the  average  consumption  of  water  per  capita  and  the  probability  of 
ground  water  entering  the  pipes  to  any  extent  through  the  joints.  The 
data  must  be  definite  on  these  points,  for  if  it  shall  prove  practicable 
to  omit  flushing  in  any  or  all  systems  or  parts  of  systems,  many  towns 
contemplating  constructing  sewers  may  be  spared  a  considerable 
expense,  both  in  construction  and  in  maintenance. 

In  the  writer's  experience  he  has  omitted  flush  tanks  in  the  designs 
in  two  cases  where  the  grades  were  considerable,  8%  to  12%,  and  a 
public  water  supply  already  introduced  into  these  streets,  and  stated 
his  belief  that  no  flushing  would  be  required,  but  recommended  a 
flushing  by  hose  at  intervals  of  a  few  months.  Both  of  these  steep 
lines,  however,  being  on  the  outskirts  of  cities,  are  as  yet  unbuilt  and 
cannot  be  quoted  as  examples  of  either  right  or  wrong  construction. 
If  they  shall  prove  to  be  the  latter,  flush  tanks  can  easily  be  added  at 
any  time. 

In  two  more  cases  where  conditions  were  different,  experience  did 
not  favor  the  omission  of  flush  tanks.  In  both  these  cases  the  grades 
were,  with  few  exceptions,  those  theoretically  giving  a  velocity  of  2£  ft. 
per  second,  the  pipes  were  carefully  graded  and  jointed  and  no  ground 
water  or  mud  could  enter  the  sewer  through  the  joints.  Flush  tanks 
were  provided  for  at  the  head  of  each  branch,  but  not  set  until  the 
entire  plant  was  completed.  Meantime,  under  pressure  from  many 
householders,  the  authorities  permitted  connections  to  be  made  with 
the  sewers  and  used  as  soon  as  an  outlet  was  provided.  In  each  case 
these  connections  were  used  for  two  or  three  months  before  the  tanks 
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were  in  operation.  At  the  end  of  that  period  an  inspection  showed  Mr.  Folwell. 
that  there  were  many  stoppages  from  house  waste,  aside  from  those 
occasioned  by  garbage,  ashes  and  old  clothes,  and  that  almost  every 
dead  end  emitted  many  foul  odors.  It  is  possible  that  this  condition 
would  not  have  existed  were  all  the  properties  along  each  sewer 
branch  using  it  freely.  But  this  is  a  condition  which  is  not  found  for 
several  years  after  construction  in  many  of  the  lateral  branches  of  a 
system.  Where  the  grades  were  steep,  in  two  short  sections  they 
exceeded  6%,  no  stoppages  were  discovered  and  there  was  no  odor 
whatever. 

This  experience  of  so  short  duration  cannot  be  considered  as 
outweighing  that  of  Mount  Vernon.  But  the  writer  cannot  see  how  a 
longer  existence  of  the  conditions  would  have  improved  matters  or 
rendered  the  conclusions  less  favorable  to  the  necessity  of  flushing. 
The  separate  system  as  generally  constructed  and  operated  is  dis- 
tinctly a  water  carriage  system  and  relies  for  its  success  upon  a  suffi- 
ciency of  water  properly  applied.  If  the  ordinary  house  water  answers 
this  purpose  a  great  saving  may  be  effected. 

WmLiAM  B.  Laxdketh,  M.  Am.  Soc.  C.  E. — A  majority  of  the  sep-  Mr.  Landreth. 
arate  sewerage  systems  as  designed  and  built  during  the  past  10  or  12 
years  have  been  provided  with  some  means  of  regular  flushing,  gen- 
erally by  some  form  of  automatic  flushing  tank.  As  is  well  known, 
the  water  passing  through  a  sewer  must  have  at  least  a  certain  velocity 
of  flow  to  carry  the  heavier  particles  of  sewage  and  prevent  their 
stranding  in  the  pijDe.  The  minimum  cleansing  velocity  depends  upon 
the  size  and  rate  of  fall  of  the  sewer,  and  the  quantity  of  water  neces- 
sary to  secure  that  velocity  must  be  supplied  in  some  manner  if  the 
sewer  is  to  be  kept  clean.  If  sufficient  water  were  furnished  from  house 
connections  or  entered  the  sewer  through  the  joints,  artificial  flushing 
would  be  unnecessary,  and  the  quantity  of  water  supplied  from  those 
sources  are  important  factors  in  deciding  if  automatic  tanks  are  needed. 
Both  of  the  sources  mentioned  are  uncertain  and  their  combined  flow 
difficult  of  determination,  owing  to  the  fact  that  the  leakage  into  the 
pipes  generally  decreases  with  the  age  of  the  sewer,  while  the  number 
of  house  connections  which  will  probably  be  made  during  the  early 
stages  of  its  use  can  rarely  be  foretold.  There  seems  to  be  greater 
need  of  frequent  and  regular  flushing  during  the  first  year  or  two  of  the 
use  of  the  sewers  than  later,  when  the  quantity  of  sewage  from  the 
house  connections  has  increased  and  is  sufficient  to  flush  them  properly. 

In  a  properly  designed  system  where  the  sizes  and  grades  of  the 
sewers  are  such  as  to  give  a  cleansing  velocity  to  the  sewage  when  the 
pipes  are  running  half  full,  as  soon  as  sufficient  sewage  is  flowing  to 
keep  the  sewer  clean,  the  flush  tanks  are  useful  mainly  in  flushing  the 
upper  portions  of  the  system,  from  the  tank  to  a  point  in  the  sewer 
where  a  cleansing  flow  is  found.     In  a  system  already  constructed,  the 
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Mr.  Landreth.  interval    between    successive    flushings  can    !»<•   readily   determined   by 

experiment,  and  wil]  generally  wury  in  different  portions.  Where  reg- 
ular flushing  of  a  system  dt'  sewers  has  been  found  necessary,  it  is  the 
belief  of  the  writer  that  the  cheapest  method  oi  applying  the  \\ai<  i  i 
by  means  of  automatic  Hush  tanks.  With  flush  tanks  holding  800 
galls,  each,  and  with  an  average  of  four  tanks  per  mile  of  sewer,  the 
daily  quantity  of  water  necessary  for  one  flushing  would  be  1  200  galls. 
per  mile,  or  24  000  galls,  for  a  system  of  20  miles,  costing  probably  Less 
ilian  #2  50. 

Some  separate  systems  have  been  designed  and  built  with  such  low 
grades  that  a  cleansing  velocity  could  never  be  obtained,  and  the  flush- 
ing of  such  systems  in  any  manner  would  be  of  little  use.  It  has  been 
the  practice  of  the  writer  to  use  some  form  of  automatic  flush  tank  on 
all  separate  sewers,  where  water  for  feeding  them  could  be  secured; 
but  he  is  not  prepared  to  say  that  they  could  not  have  been  omitted 
in  some  cases  without  detriment  to  the  operation  of  the  system.  Ex- 
perience gained  in  the  construction  and  care  of  several  hundred  flush 
tanks,  of  several  forms  and  under  varying  conditions,  has  taught  him 
that  some  will  work  and  some  will  not;  some  will  work  with  a  small 
trickle,  while  others  need  to  be  flooded  with  a  strong  stream;  some 
will  work  for  a  while,  but  refuse  to  operate  after  a  time. 
Mr.  LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. — Most  sanitary  engineers  will 
agree  with  the  author  that  automatic  flush  tanks  are  not  inseparable 
adjuncts  to  the  separate  system.  The  effects  of  a  150-gall.  flush  are  all 
expended  a  few  hundred  feet  away  from  the  tank,  the  distance  vary- 
ing with  the  grade  of  the  sewer.  Where  grades  are  light  and  the  flush 
is  most  needed  they  do  the  poorest  work,  and  some  auxiliary  means 
have  to  be  adopted  to  furnish  a  long,  continued  flush,  preferably  a 
pipe  connection  with  the  city  water  main.  Twp  cities  in  California, 
Oakland  and  Alameda,  the  former  with  60  000,  and  the  latter  with 
10  000,  population,  have  strongly  contrasting  separate  systems.  Oak- 
land has  some  100  miles  of  pipe  sewers  on  the  separate  system,  without 
flush  tanks.  The  only  storm  water  allowed  to  enter  the  sewers  is  roof 
water  at  and  near  the  upper  ends  of  the  streets.  The  sewers  are  flushed 
regularly  two  to  three  times  a  year  by  means  of  a  line  of  hose  attached 
to  fire  hydrants.  This  is  done  during  the  dry  season.  In  the  city  of 
Alameda  the  flush  tank  system  is  in  use.  The  tanks  are  located  not 
only  at  the  upper  ends,  but  also  at  various  intervals  along  each  street 
sewer  down  to  the  outfall  into  the  main  intercepter.  Sometimes  these 
tanks  flush  regularly  three  times  a  day,  and  sometimes  they  do  not 
work  at  all,  but  the  results  seem  to  remain  the  same.  The  writer  does 
not  believe  in  the  efficiency  of  these  small  flushes  ;  they  are  impotent 
and  waste  a  large  amount  of  water  to  no  practical  purpose.  The  tanks 
are  expensive  and  require  constant  attention.  One  good,  continuous 
flush  from  a  water  main  he  considers  worth  a  myriad  of  tiny  flushes 
from  tanks.     It  is  cheaper,  more  effective  and  requires  less  water. 
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The  Oakland  system  compares  most  favorably  with  that  in  Alameda  Mr.  Le  Conte. 
in  every  respect.  The  only  trouble  with  choking  has  been  due  to  roots 
of  trees  finding  their  way  through  the  cemented  joints,  and  finally  filling 
the  whole  bore  of  the  pipe,  often  bursting  the  joints.  Many  beautiful 
rows  of  shade  trees  had  to  be  cut  down  on  this  account.  A  growth  of 
trees  near  an  aqueduct,  sewer  or  masonry  reservoir  is  a  constant  men- 
ace to  the  work.  The  roots  of  eucalyptus  trees  near  a  service  reservoir 
at  the  Mare  Island  Navy  Yard  penetrated  through  the  brick  masonry 
wall,  4  ft.  thick,  and  finally  cracked  it  so  badly  that  a  serious  leak  was 
developed.  On  emptying  the  reservoir,  the  bottom  was  found  to  be 
covered  with  a  mat  of  roots,  325  sq.  ft.  in  area  and  some  12  ins.  thick. 
Where  the  main  root  passed  through  the  fissure  in  the  wall,  it  was  like 
a  mammoth  saw-blade  not  over  -g-  in.  thick. 

F.  S.  Odell,  M.  Am.  Soc.  C.  E. — While  all  who  engaged  in  the  Mr.  Odell. 
discussion  of  this  paper  have  expressed  the  opinion  that  flush  tanks 
were  not  essential  to  the  proper  working  of  the  separate  system  of 
sewers,  the  author  believes  the  fact  remains  as  stated  by  Mr.  Landreth, 
that  the  majority  of  such  systems  designed  and  built  during  the  past 
10  or  12  years  have  been  provided  with  some  form  of  automatic  flush 
tank.  This  would  imply  that  the  designers  believed  either  that  they 
were  necessary,  or  that  they  were  efficient  and  economical.  The  author 
has  come  to  believe  they  are  neither,  but  that  a  direct  connection  with 
the  water  mains  gives  a  much  better  flushing,  and  in  the  course  of  the 
year  uses  far  less  water.  His  experience  has  been  that  flush  tanks  dis- 
charging 200  galls,  or  less  of  water  fail  to  flush  a  sewer  properly, 
especially  on  the  flat  grades  where  flushing  is  most  needed.  The 
grades  at  Mount  Yernon  are  mostly  good,  from  0.5 to  6%,  the  flattest 
grades  being  0.25^)o',  and  on  all  these  sewers  a  good  flushing  twice  a 
year  answers  every  purpose. 

Regarding  the  cost,  it  may  be  interesting  to  note  a  comparison  with 
a  neighboring  municipality,  New  Rochelle,  where  flush  tanks  are  used 
on  all  dead  ends.  It  has  10  tanks  and  during  the  year  ending  Jan- 
uary 9th,  1895,  used  5  400  000  galls,  of  water.  Under  contract  with 
the  water  company,  it  pays  at  the  rate  of  812  per  annum  for  each  flush 
tank,  using  a  maximum  quantity  of  60  000  galls. ;  for  all  water  used  in 
excess  of  this  quantity  payment  is  made  at  the  rate  of  5  cents  per 
1  000  galls  ;  under  this  arrangement  the  water  bill  for  the  year 
amounts  to  8630  21.  Mount  Vernon,  with  double  the  number  of  dead 
ends,  must  necessarily  have  paid  twice  that  amount,  or  81  260  42.  As 
a  matter  of  fact,  the  quantity  of  water  used  in  flushing  the  sewers  of 
Mount  Yernon  for  the  year  1894  was  about  500  000  galls.,  as  determined 
by  the  quantity  pumped  during  the  flushing  period,  in  excess  of  the 
normal  consumption.  This,  at  the  maximum  price  paid  at  Xew 
Rochelle,  would  amount  to  8100,  showing  a  saving  of  81  160  on  water: 
while  the  cost  of  labor  is  much  less  than  the  cost  of  inspection  of  the 
flush  tanks. 
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Mr.  i  »iicii.  it  is  impossible  to  estimate  the  per  capita  consumption  of  water  in 
a  suburban  oity  snob  as  Mount  Vernon,  where,  perhaps,  ;t  majority  of 
water-takers  use  it  Liberally  in  lawn  sprinkling  during  the  Bnmxner 

son,  when  the  smallest  quantity  of  ground  water  finds  its  way  into 
the  sewers.  Nor  can  the  quantity  of  ground  water  reaching  the  sewers 
be  definitely  determined.  In  the  lateral  sewers  where  flushing  is  most 
needed,  the  quantity  is  very  small,  as  such  sewers  are  located  on  the 
high  and  dry  grounds  of  the  city. 

The  author  does  not  think  it  judicious  to  omit  provision  for  flush- 
ing in  the  design  or  construction  of  a  separate  system  of  sewers.  The 
cost  of  connecting  the  water  main  by  a  4-in.  branch  and  gate  with  the 
manhole  at  the  dead  end  of  a  sewer  is  about  $40,  which  is  a  very  small 
item.  It  is  the  simplest  and  best  method  of  flushing  the  author  has 
yet  tried,  and  he  strongly  recommends  its  use.  Flushing  through  a 
hose  from  fire  hydrants  is  slow,  and  consequently  much  more  expensive 
than  by  means  of  a  gate  on  the  water  main. 

Doubtless  the  automatic  flush  tank  was  expected  to  so  cleanse  the 
sewer  on  which  it  was  placed  that  no  material  susceptible  of  decom- 
position could  remain  stranded  during  the  passage  of  the  water  from 
the  tank,  but  observation  and  experiment  seem  to  discredit  such  an 
assumption;  consequently,  the  sanitary  condition  of  a  sewer  that  is 
effectually  flushed  two  or  three  times  yearly  is  found  to  be  as  good  as, 
or  better  than,  one  superficially  flushed  by  small  daily  discharges  from 
automatic  tanks. 
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EXPERIMENTS  ON  THE   DISCHARGE  OF  A  30-IN. 

STOP  VALVE. 


By  J.  Waldo  Siirra,  Assoc.  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1895. 


WITH  DISCUSSION 


In  connection  with  the  measurement  of  the  flow  of  the  Pequannock 
River  and  the  operation  of  the  water  supply  system  built  by  the  East 
Jersey  "Water  Company  for  the  city  of  Newark,  X.  J.,  it  became  de- 
sirable to  ascertain  the  discharge  of  certain  30-in.  stop  valves  at  the 
outlets  of  the  storage  reservoirs.  The  author  was  directed  by  the 
chief  engineer,  Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  to  make 
the  necessary  gaugings,  a  brief  description  of  which,  with  a  tabulation 
of  results  obtained,  may  be  of  interest  to  members  of  this  Society. 
Opportunities  for  making  careful  experiments  of  this  kind  are  com- 
paratively rare,  and  when  they  do  arise  it  seems  to  the  author  that 
the  results  should  be  placed  where  they  may  be  of  general  use  to 
members  of  the  profession,    such  description  being  presented  in  as 


236      sm  i  i  ii    <.\    THE    DISCHABGE   OP   A   30-IN.    BTOP   VALVE. 

brief  a  form  m  is  consistent  with  entire  clearness  and  still  l>e  suffi- 
ciently detailed  to  serve  as  a  true  guide  for  their  tint  her  application. 

The  valve  selected  for  experiment  was  one  of  four  of  the  same 
pattern  and  workmanship,  located  in  the  gate  house  at  the  outlet  of 
Clinton  Reservoir.  Figs.  1  and  2  show  the  general  arrangement  of  the 
pipes  and  gates,  the  channels  of  approach  and  discharge,  and  the 
location  of  the  measuring  weir.  The  experiments  numbered  1  to  5, 
inclusive,  were  made  with  the  gate  numbered  1,  and  the  remainder 
with  No.  3. 

It  will  be  noticed  that  in  constructing  the  discharge  pipes  and 
gates  use  has  been  made  of  the  Venturi  principle,  by  setting  the  gate 
at  the  common  apex  of  the  frustums  of  two  cones,  enlarging  in  both 
directions  to  42  ins.  in  diameter,  and  terminating  in  a  short  piece  of 
straight  pipe  at  the  lower  end  and  in  a  piece  of  straight  pipe  and  a 
"flap  gate"  at  the  upper  end.  The  flap  gate  is  intended  for  use 
should  the  30-in.  valve  become  seriously  disarranged,  necessitating  its 
removal,  and  was  wide  open,  as  shown,  at  the  time  of  the  experiments. 
The  valve  was  made  by  the  Ludlow  Valve  Manufacturing  Company,  of 
Troy,  N.  Y.,  in  1891,  and  has  two  parallel  cast-iron  disks,  with  faces 
about  6^  ins.  apart.     Fig.  3  shows  the  details  of  the  gate. 

The  reservoir  having  been  emptied  a  few  days  after  the  experiments 
were  finished,  opportunity  was  thus  afforded  to  make  the  necessary 
measurements  of  the  valve.  The  brass  gate  rings  were  found  to  be 
32.96  ins.  in  diameter,  and  the  brass  seat  rings  30.22  ins.  in  diameter. 
Careful  measurements  were  also  made  of  the  cast-iron  lug  a  at  the 
bottom  of  the  disks.  The  area  of  the  lune-shaped  orifice  of  discharge 
for  different  positions  of  the  disks  was  computed  from  the  above 
measurements,  and  the  results  are  given  in  Table  No.  1.  There,  and 
in  all  cases  in  this  paper,  "height  of  gate  "  refers  to  the  clear  height 
of  the  bottom  of  the  gate  ring  above  the  top  of  the  seat  ring,  and  is 
represented  by  the  distance  b  in  Fig.  3.  The  headings  of  the  re- 
maining lines  are  self-explanatory.  Lines  1  and  2  of  this  table  were 
plotted  as  ordinates  and  abscissas,  and  a  diagram  constructed,  from 
which  the  area  of  the  lune-shaped  orifice  for  any  gate  opening  could 
be  read  at  a  glance.  Correction  for  the  cast-iron  lug  a  was  made  by 
deducting  the  area  of  its  longitudinal  cross-section  from  the  area  of 
the  lune-shaped  orifice  for  all  heights  of  gate  greater,  and  the  propor- 
tional part  of  such  cross-section  opposed  to  the  discharge  for  heights 
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of  gate  Less,  than  the  depth  of  the  lug.     The  areas  given  in  Table  N 
oolnmii  t.  are  the  ae1  areas  with  the  Lag  deducted. 

The  height  of  the  gate  whs  observed  by  means  of  an  indicator, 
which  was  carefully  rut cd  when  tin*  reservoir  was  empty.  To  do  this 
the  gate  was  raised  to  any  heigbi  and  the  corresponding  distance  h. 
Fig.  3,  of  the  bottom  of  the  disk  ring  above  the  seat  ring  was  m< 
ured  and  compared  with  the  height  shown  by  the  indicator.  In  all 
the  experiments  the  gate  was  set  on  the  opening  movement  so  as  to 
avoid  errors  from  back-lash. 

TABLE  No.   1. 

Giving  Areas  of  Lune-Shaped   Orieice  in  a  30-In.  Stop  Valve  for 
Different  Heights  of  Gate. 


Height  of  gate.    Inches 

Area  of  opening.  Square  feet. 
Proportional  height  of  gate. . . 
Proportional  area  of  opening. . 


1. 

3. 

5. 

8. 

12. 

16. 

20. 

23. 

25. 

27.5 

0.101 

0.451 

0.809 

1.496 

2.308 

3.070 

3.761 

4.213 

1.474 

4.738 

0.033 

0.099 

0.165 

0.265 

0.397 

0  530 

0.662 

0.761 

0.828 

0.911 

0.021 

0.092 

0.177 

0.305 

0.471 

0.626 

0.767 

0.860 

0.913 

0.967 

30.2 
4.901 
1.000 
1.000 


In  conducting  the  experiments  the  water  was  drawn  from  the 
reservoir  R  (see  Fig.  1),  through  the  archway  A,  discharged  through 
the  gate  G,  and  measured  over  the  weir  W.  The  height  of  the  water 
was  observed  at  B,  just  at  the  inlet  of  the  pipes,  by  tapping  one  of 
the  unused  pipes,  No.  4,  above  the  gate,  and  piping  to  a  glass  tube 
on  the  scale  board  S.  A  pipe  through  the  down-stream  wall  of  the 
gate-house  served  to  bring  the  water  from  C,  just  at  the  outlet  of  the 
pipes,  into  the  gate  chamber,  where  its  height  was  observed  on  the 
same  scale.  The  pipes  were  so  arranged  that  a  full  stream  of  water 
could  be  run  through  them,  to  ensure  freedom  from  entrained  air  before 
any  observations  were  made.  After  passing  the  pipe  and  gate  the 
water  flowed  through  an  archway  and  open  rock  cut  about  220  ft.  to 
the  weir  W. 

The  crest  of  the  weir  was  of  hard  pine,  the  plane  of  the  up-stream 
side  being  vertical,  and  the  edge  presented  to  the  current  being  sharp ; 
the  down-stream  side  was  chamfered  so  that  the  water  in  no  case 
touched  any  part  of  the  weir  after  passing  the  up-stream  edge.  The  sides 
of  the  channel  of  approach  were  of  planed  matched  boards,  those  at  the 
ends  of,  and  above,  the  weir,  extended  a  short  distance  down  stream 
from  the  crest,  thus  preventing  the  expansion  of  the  sheet  after  pass- 
ing the  weir.     Provision  was  made  for  a  free  circulation  of  air  under 
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the  sheet.  The  depth  on  the  weir  was  measured  by  means  of  a  hook 
gauge  securely  fastened  to  a  large  timber,  whose  ends  rested  in  the 
rock  sides  of  the  cut.  The  hook  gauge  pail,  placed  on  a  movable 
bracket,  was  connected  by  means  of  a  rubber  tube  and  a  brass  pipe 
with  an  orifice  in  a  brass  plate  set  in  the  side  of  the  flume.  This 
orifice  was  normal  to  the  plane  of  the  plate,  which  was  perfectly  smooth 
and  true,  and  was  about  0.20  ft.  below,  and  6  ft.  up  stream  from  the 
line  of  the  crest  of  the  weir.  The  end  contractions  were  suppressed, 
and  the  length  of  the  weir  was  exactly  12  ft.  The  mean  depth  of  the 
channel  of  approach  below  the  crest  of  the  weir  was  4.07  ft.  No  racks 
were  used  to  quiet  the  water,  but  the  sheet  went  over  the  weir  in  good 
form,  although  with  the  greatest  depths,  2  ft.  and  above,  there  was  an 
oscillation  of  the  surface  level,  amounting  to  0.13  ft.,  which  was  not, 
however,  communicated  to  the  surface  of  the  water  in  the  hook  gauge 
pail. 

TABLE  No.  2. 

Kecord  of  Observations  and  Results  of  Computations. 
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Aug.  23. . . 

1 

11.9 

2.29 

1.142 

49.30 

64.60 

53.79 

10.81 

0.816 

44.98 

" 

2 

3.9 

1.68 

0.934 

36.35 

64.58 

53.63 

10.95 

0.815 

32.95 

" 

3 

5.9 

1.07 

0.713 

24.10 

64.58 

53.45 

11.13 

0.842 

21.67 

«« 

4 

3.0 

0.45 

0.443 

11.75 

64.58 

53.21 

11.37 

0.965 

10.45 

t< 

5 

0.9 

0.09 

0.228 

4.35 

64.58 

53.00 

11.58 

1.771 

3.83 

CI 

6 

3.3 

0'5l 

0.452 

12.10 

64.58 

53.20 

11.38 

0.877 

10.76 

<< 

7 

7.2 

1.33 

0.808 

29.15 

64.58 

53.50 

11.08 

0.821 

26.27 

<< 

8 

11.2 

2.15 

1.075 

45.02 

64.57 

53.64 

10.93 

0.790 

40.85 

Aug.  26. . . 

9 

1.3 

0.15 

0.225 

4.25 

62.78 

58.00 

9.78 

1.130 

4.08 

" 

10 

3.6 

0.57 

0.458 

12.40 

62.79 

53.22 

9.51 

0.877 

12.03 

*c 

11 

6.6 

1.21 

0.712 

24.08 

62.79 

53.45 

9.34 

0.811 

23.61 

" 

12 

9.6 

1.82 

0.916 

35.25 

62.79 

53.59 

9.20 

0.796 

34.86 

«' 

13 

12.6 

2.44 

1.106 

47.00 

62.79 

53.69 

9.10 

0.796 

46.74 

" 

14 

15.5 

2.97 

1.292 

59.50 

62.78 

53.84 

8.94 

0.835 

59.70 

>( 

15 

18.5 

3.51 

1.529 

76.95 

62.77 

54.02 

8.75 

0.924 

78.04 

■1 

16 

21.5 

3.99 

1.781 

97.05 

62.76 

54.18 

8.58 

1.035 

99.40 

<< 

17 

24.5 

4.40 

2.081 

123.25 

62.67 

54.34 

8.33 

1.210 

128.11 

<< 

18 

30.2 

4.90 

2.320 

145.95 

62.66 

54.46 

8.20 

1.297 

152.90 

Aug.  30... 

19 

30.2 

4.90 

2.100 

125.00 

60.54 

54.36 

6.18 

1.279 

150.85 

Sept.    4.. 

20 

25.5 

4.52 

1.494 

74.25 

56.73 

54.06 

2.67 

1.254 

136.32 

>< 

21 

22.8 

4.18 

1.332 

62.30 

56.73 

53.96 

2.77 

1.117 

112.30 

CI 

22 

27.5 

4.74 

1.556 

78.95 

56.72 

54.11 

2.61 

1.286 

146.61 

<f 

23 

SO.  2 

4.90 

1.584 

81.15 

56.72 

54.14 

2.58 

1.286 

151.57 
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The  flaw   over   the   woir   was    computed    by  the   Francis  formula, 

3 

Q  =  3.33  L  H"1,  in  which  Q  is  the  discharge  in  cubic  feet  per  second, 
L  is  the  length  of  the  weir  in  feet,  and  H  is  the  depth  on  the  weir 
in  feet.     Correction  was  made  for  velocity  of  approach. 

The  hook  gauge  was  observed  every  minute,  and  the  head  gauges, 
which  scarcely  varied  at  all  during  a  single  experiment,  every  five 
minutes. 

Table  No.  2  gives  a  tabulation  of  the  observations  and  results.   Col- 
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Discharge  in  Cu.  Ft.  per  Sec. 
Fig.  i. 

umn  3  gives  the  clear  height  of  the  bottom  of  the  disk  ring  above  the 
seat  ring,  and  is  represented  by  the  distance  b  in  Fig.  3.  Column  4  gives 
the  net  area  of  the  lune-shaped  opening,  correction  having  been  made 
for  the  lug  at  the  bottom  of  the  disks.  Column  9  shows  the  difference 
between  the  height  of  water  at  the  inlet  and  outlet  of  the  42-in.  pipe, 
points  B  and  Cin  Fig.  1.  The  headings  of  the  remaining  columns  are 
self-explanatory.  The  results  of  the  experiments  are  more  clearly 
shown  by  the  curves  in  Fig.  4.     A  good  degree  of  regularity  will  be 
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noted  in  the  plotted  points  for  experiments  made  with  different  gate 
openings,  and  with  a  considerable  variation  in  head,  thus  proving  the 
accuracy  of  the  experiments. 

In  experiments  Nos.  1  to  5,  some  doubt  existed  as  to  the  indicator 
being  in  good  working  order,  and  in  No.  18  the  depth  on  the  weir  was 
too  great  for  a  good  measurement,  the  water  striking  the  cap  timbers; 
consequently  those  experiments  are  not  entitled  to  as  much  weight 
as  the  others.     The  coefficients  given  in  column  10  are  not,  strictly 
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speaking,  coefficients  of  discharge  of  the  gate  alone,  but  of  the  gate 
and  the  short  lengths  of  connecting  pipes.  The  head  might  have  been 
observed  immediately  above  and  below  the  gate,  but  it  would  have 
been  difficult  to  get  satisfactory  readings,  and,  in  the  present  case, 
would  have  served  no  practical  purpose. 

The  upper  half  of  the  curve  of  coefficients  is  quite  different  from 
that  found  by  E.  Kuichling,  M.  Am.  Soc.  C.  E.,  for  a  24- in.  stop  valve.* 
This  disagreement  is  to  be  expected  when  the  differing  conditions  are 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXVI,  p.  439. 
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oonsidered.    In  Mr,  Kuiohling's  oase,  us  the  duke  weate  raised,  tin-  limit. 

of  the  coefficient  with  the  full  opening  of  gate  was  infinity,  while  in  the 
presenl  case  the  coefficient  approached  a  certain  definite  limit.  Up  to 
half  gate  there  is  a  similarity  in  the  curves,  and  as  near  an  agreement 
as  could  be  expected  considering  that  the  gates  are  used  in  different 
ways,  and  for  a  different  purpose. 

In  applying  these  results  to  approximately  the  same  sizes  of  gate 
set  in  the  same  manner  as  the  one  experimented  upon,  Table  No.  3, 
which  is  computed  from  the  curves,  will  be  found  useful. 

TABLE  No.  3. 
Proportional   Values  for  Height  or   Gate,  Area  of  Lune-Shaped 

Opening,  and  Discharge. 


Proportional  height  of  gate... 
"  area  of  opening. 
"  discharge 


0.125 

0.250 

0.375 

0.500 

0.625 

0.750 

0.875 

0.125 

0.587 

0.443 

0.593 

0.729 

0.851 

0.946 

0.086 

0.178 

0.274 

0.384 

0.533 

0.734 

0.936 

1.000 
1.000 
1.000 


In  Fig.  5  is  given  a  diagram  of  the  discharge  of  the  30-in.  gate  for 
each  5  ft.  of  head  up  to  50  ft.,  based  on  these  experiments. 
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DISCUSSION 


E.  KociELrsG,  M.  Am.  Soc.  C.  E. — The  data  contained  in  the  paper  Mr.  Kuiehling. 
deserve  careful  attention  as  they  relate  to  a  very  large  valve,  while  the 
similar  data  given  in  the  familiar  manuals  on  hydraulics  were  derived 
from  experiments  with  very  small  valves.  In  character  the  experi- 
ments now  submitted  are  like  those  made  a  few  years  ago  with  a  2-i-in. 
stop-valve  at  Rochester,  X.  Y.,*  but  as  the  author  states  that  the  values 
of  certain  coefficients  found  by  him  are  considerably  different  from  those 
obtained  in  the  paper  referred  to,  the  speaker  desired  to  make  some 
comments  concerning  them. 

The  coefficients  mentioned  by  the  author  as  not  being  in  accord 
with  those  found  from  the  aforesaid  experiments  with  a  24-in.  stop- 
valve  are  simply  the  coefficients  of  discharge  computed  from  the  given 
data  on  the  assumption  that  the  orifice  presented  by  the  valve  open- 
ing is  in  a  comparatively  thin  wall  and  is  fully  submerged.  These  co- 
efficients were  originally  computed  for  the  purpose  of  a  collateral 
analysis  respecting  the  now  of  water  in  pipes,  and  were  submitted  in 
the  paper  mentioned  in  the  hope  that  they  might  be  utilized  by  others 
who  had  more  time  than  the  speaker  to  complete  such  an  analysis.  To 
present  the  matter  clearly,  the  following  notation  was  adopted:  Q  = 
discharge  through  valve  in  cubic  feet  per  second ;  A  =  area  of  orifice 
in  square  feet;  H=  total  observed  loss  of  head  in  feet  in  the  entire  ap- 
paratus, as  given  by  the  author  in  column  9  of  Table  Xo.  2  of  the 
paper,  this  being  the  difference  in  level  between  the  water  surface  in  the 
reservoir  and  that  in  the  flume  above  the  measuring  weir;  2g  =  twice 
the  acceleration  due  to  gravity  =64.4  ft.  per  second;  y  =  loss  of  head 
due  to  the  passage  of  the  volume  Q  through  the  valve  orifice  alone, 
while  x  =  loss  of  head  in  the  remainder  of  the  apparatus,  so  that 
x  -f  y  =  B:  and,  finally,  u  =  coefficient  of  discharge  for  the  valve  open- 
ing considered  as  a  submerged  orifice  in  a  comparatively  thin  wall. 
There  then  exists  the  well-known  relation: 

, Q 

(1) Q  =  M  AV2  g  y,    whence     u  =    .     * 

AV2g  y. 

It  should  be  remarked  that  it  was  on  this  basis  that  the  coefficients 
u  were  computed  in  the  speaker's  paper  already  mentioned.  The 
author,  on  the  other  hand,  has  computed  coefficients  on  the  basis  of 
taking  the  entire  observed  loss  of  head  H  in  the  entire  apparatus, 
instead   of  only  the   portion  y  relating  to  the  valve  alone,   and  has 

made:  u  =• ^  Obviouslv  the  resulting  values    of  /./  cannot 

AVZgH 
agree  with  those  derived  by  considering  the  partial  loss  of  head   y 

*See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  xxvi,  p.  439. 
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If r.  Knlohling.  alone;  and  it  now  becomes  of  intcresl  t<>  ascertain  the   proper  vain 

of  v  in  tli*>  author's  experiments,  whereupon  a  nevt  oompntation  of 

the  coefficients  //  will  enable  ;i  proper  comparison  to  be  made  with 
those  for  the  24-in.  valve. 

To  determine  the  proper  values  of  y  in  the  case  under  considera- 
tion,  it  is  advisable  to  dednoe  from  the  given  data  tlie  relation  bet  ween 
Q  and  H  when  the  30-in.  valve  is  fully  open,  in  which  event  y  =  0  and 
H  =  x.  For  this  purpose  experiments  Nos.  18,  9  and  23  of  Table  No. 
2  are  at  once  available,  and  as  the  author's  values  of  n  are  practi- 
cally constant,  the  following  equation  is  obtained  therefrom  directly: 
Q  =  cW }j  whence: 

(2) H=x  =  (—*)  =  0.00039106  Q\ 

This  expression  accordingly  represents  the   relation  between  the 

loss  of  head  in  the  apparatus 
exclusive  of  the  valve  (which 
is  fully  opened)  and  the  dis- 
charge Q,  and  by  construct- 
ing the  parabolic  curve  repre- 
sented thereby  with  x  as 
ordinates,  and  Q  as  abscissas, 
the  value  of  x  for  any  value 
of  Q  given  in  the  author's 
Table  No.  2  may  then  be 
quickly  found.  The  difference 
between  these  values  of  x  and 
the  corresponding  values  of 
H  will  then  give  the  proper 
values  of  y  sought,  where- 
upon their  substitution  in 
equation  1  will  yield  the  values 
of  the  coefficient  /u  which 
may  properly  be  compared 
with  the  ones  obtained  from 
the  24-in.  valve.  By  this  pro- 
cess the  values  given  in  Table 
A  were  obtained. 

i.o       If    the    val,u(*    f    "    * 
FlG  6.  column  nine  of  the  foregoing 

table  are  plotted  as  ordinates  to  the  corresponding  values  of  n  in  the 

second  column  as  abscissas,  the  line  connecting  the  several  points  thus 

obtained  will  be  seen  to  be  somewhat  irregular;  but  by  passing  a  curve 

through  the  line  so  as  to  cut  off  the  irregularities,  this  curve  will  be 

found  very  similar  in  shape  to  that  which  was  found  for  the  case  of 

the  24-in.  valve.     For  the  purpose  of   exhibiting  this  similarity,  the 

two  curves  are  shown  in  Fig.  6. 
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It   inay  be  remarked  that  the  irregularities  indicate  some  Blight  Sir.  KoiohUng. 

errors  in  the  original  observations  which  are  closely  revealed  by  the 
above  development  of  the  coefficient  /u ;  also  that  the  results  obtained 
from  the  observations  on  the  24-in.  valve  by  means  of  the  mercurial 
pressure-difference  gauge,  described  in  the  paper  mentioned,  are  re- 
markably free  from  irregularities.  The  difference  between  the  numer- 
ical values  of  /u  for  the  30-in.  and  24-in.  valves  is  clearly  exhibited 

TABLE  A. 

Showing  Observed  Data  and  Results  of  Original  and  Revised 

Computations. 
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in  the  diagram;  and  the  only  comment  which  can  now  be  made  on  the 
results  is  that  the  failure  in  agreement  points  out  the  fact  that  the 
laws  which  govern  the  motion  of  water  in  pipes  are  not  yet  definitely 
known.  Owing  to  this  circumstance,  the  paper  cannot  fail  to  be  a 
welcome  and  valuable  addition  to  the  knowledge  of  the  subject,  and 
the  speaker  hoped  that  further  contributions  of  a  similar  character 
will  be  offered. 
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CORRESPONDENCE. 


Mr.  sm i tii.  J.  Waldo  Smith,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  Kuichling  has 
treated  the  subject  so  exhaustively  that  there  is  little  more  to  he 
said.  The  ant  hor  did  not  compute  the  coefficient,  //,  for  the  reason  t  hat 
in  the  work  which  called  forth  the  experiments  it  would  have  served 
no  practical  purpose,  for  the  result  wanted  was  the  discharge  of  the 
gate  and  connecting  pipes  with  any  elevation  of  water  in  the  reservoir, 
and  he  was  satisfied  to  present  the  facts  just  as  they  came  to  him, 
with  a  full  explanation  of  the  method  of  making  all  the  observations, 
so  that  any  one  could  adapt  the  results  to  suit  the  case  in  hand.  He 
is  very  glad,  however,  that  Mr.  Kuichling  has  taken  so  much  trouble 
to  reduce  the  experiments  to  a  form  to  make  them  directly  comparable 
with  his  own  and  others,  for  their  whole  range. 

In  regard  to  the  greater  regularity  of  the  coefficient,  //,  as  given  by 
the  experiments  of  Mr.  Kuichling,  the  author  thinks  this  regularity 
is  not  so  much  due  to  the  use  of  the  pressure-difference  gauge  as  to 
the  fact  that  the  //,  as  he  understands  from  a  careful  perusal  of  the 
above  experiments,  is  the  result  of  a  computation  from  adjusted  quan- 
tities, and  not  from  the  actual  experimental  observations,  i.  e.,  in  the 

formula*  jli  —  -^ — ==•,  the  loss  of  head  appears  to  have  been  ad- 

*  V  Zgy 
justed  by  plotting  the  experimental  values  as  obtained  from  the  press- 
ure-difference gauge,  drawing  a  curve,  and  reading  new  values  of  y, 
from  this  curve,  thus  eliminating  any  irregularities  or  errors  in  the 
original  observations;  Q  is  computed  by  formula,  so  the  resulting 
quantity,  jli,  would  necessarily  show  great  regularity. 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.,  xxvi.,  p.  449. 
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CONSTRUCTION  OF    SUBSTRUCTURE   FOR  LONE 
SOME   VALLEY    VIADUCT.  KNOXVILLE. 
CUMBERLAND  GAP  AND   LOUIS- 
VILLE  RAILROAD. 


By  Gustave  E.   Teska.  Jim.  Am.  Soc.  C.  E. 
Read  at  the  Anneal  Contention.   June.   1895. 


WITH  DISCUSSION. 
About  60  miles  from  Knoxville.  Term.,  the  Knoxville.  Cumberland 
Gap  and  Louisville  Railroad  crosses  Lonesome  Valley  on  a  viaduct 
about  800  ft.  long  and  at  a  maximum  height  above  the  valley  of  135  ft. 
Formerly  the  railroad  crossed  this  valley  on  a  wooden  trestle  which  col- 
lapsed while  a  freight  train  was  upon  it.  its  collapse  being  due  to  its 
meager  bracing.  The  railroad  company  having  decided  to  reconstruct 
this  viaduct.  William  Barclay  Parsons.  M.  Am.  Soc.  C.  E..  the  consult- 
ing engineer  of  the  road,  made  designs  and  sjjecifications  for  the  work. 
The  structure  is  a  single-track  steel  viaduct  of  fourteen  30-ft.  and  five 
70-ft.  deck  spans,  the  70-ffc.  spans  being  latticed  girders,  while  jilate 
girders  are  used  for  the  30-ft.  s])ans.  The  towers  are  of  the  ordinary 
type,  in  which  all  connections  are  riveted.  Besides  the  two  abut- 
ments, there  were  required  to  be  constructed  36  piers  for  the  towers  of 
the  viaduct. 
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The  on  I  \  rock  fco  be  f  on  n«  I  in  t  his  Locality  is  a  light  Limestone,  vrhioh 
deteriorates  rapidly.     Some  bridge  abutments  on  this  railroad  built  of 

this   stone  lull   a  t'-w   wars  ago   show  the  stone  in  a  very  poor  condition. 

The  hids  for  masonry,  built  of  this  material,  ran  from  >\'l  to  >h;  pei- 
oubic  yard.  A  much  better  substructure  could  be  constructed  by 
using  concrete  made  from  this  same  limestone.  Furthermore,  con- 
crete made  with  the  best  sand  and  Portland  cement  con  hi  be  had  for 
#8  per  cubic  yard  paid  in  receiver's  certificates,  which  at  that  time 
was  equivalent  to  about  $7  cash,  a  saving,  therefore,  of  about  50%  in  the 
cost  of  the  concrete  over  that  of  limestone  masonry.  The  reasons  for 
this  reduced  cost  appear  at  once.  With  the  concrete  construction  no 
derricks  and  hoisting  plant  were  required,  as  would  have  been  the  case 
with  masonry.  The  cost  of  this  plant  would  have  been  high,  as  the  work 
was  spread  out  over  such  a  large  area  and  materials  could  be  delivered 
only  at  the  abutments.  No  derricks  were  even  required  in  this  case  to 
set  bridge-seats  and  cap-stones  ;  for  in  the  place  of  the  former,  3 -in. 
steel  plates  were  used,  and  the  piers  were  finished  on  top  by  a  steel 
plate  4  ft.  square  and  £  in.  thick  instead  of  using  coping  stones. 
Furthermore,  for  the  concrete  construction  the  commonest  labor  could 
be  employed,  in  this  case  colored  labor  being  used  for  which  the  con- 
tractors paid  $1  per  day  of  11  hours'  work.  Since,  therefore,  a  better 
substructure  at  a  less  cost  could  be  obtained  by  using  concrete  instead 
of  stone  masonry,  it  was  decided  to  build  the  abutments  and  piers  re- 
quired for  this  viaduct  of  Portland  cement  concrete.  The  author  was 
thereupon  employed  by  the  railroad  company  as  resident  engineer  to 
superintend  the  construction  of  the  substructure. 

The  abutments  were  both  built  of  the  \J  design.  The  south  abut- 
ment has  a  maximum  height  of  26  ft.  from  foundation  to  top.  It  is  25 
ft.  long  at  the  bottom  of  the  face,  while  the  wing  walls  are  each  28  ft. 
6  ins.  long  at  the  top.  The  north  abutment  has  a  maximum  height 
of  27  ft.  from  foundation  to  top,  is  26  ft.  long  at  the  bottom  of  the  face, 
and  the  length  of  the  wing  walls  is  26  ft.  6  ins.  at  the  top.  The  faces  and 
sides  of  the  abutments  have  been  given  a  batter  of  1  in.  to  the  foot,  and 
both  abutments  finish  to  a  thickness  of  5  ft.  at  the  bridge  seat,  while 
the  wing  walls  finish  on  top  to  a  width  of  3  ft.  6.  ins.  The  piers  were 
designed  4  ft.  square  on  top,  and  the  four  sides  have  a  batter  of  1  in. 
to  the  foot.     These  piers  vary  in  height  from  5  to  16  ft. 

On  digging  for  a  foundation  for  the  various  pedestals  and  abut- 


Tl  SB  \     05     LOS  ESOME    \  AI.I.l^     VIADI  <  T.  2  L9 

ments,  there  was  found  in  mosl  cases  a  limestone  rock  at  a  depth  of 
from  4  to  12  ft.  below  the  surface.  Where  the  piers  rested  on  a  rock 
foundation,  the  batter  of  1  in.  to  1  ft.  gave  a  sufficient  urea  of  base. 
In  the  case  of  some  of  the  piers  at  the  bottom  of  the  valley,  where  no 
rock  was  found  at  a  reasonable  depth,  a  good  earth  foundation  was 
used,  and  the  dimensions  of  the  bottom  were  increased,  so  that  in  no 
case  would  the  maximum  pressure  be  greater  than  1  ton  per  square 
foot.  Where  pockets  of  clay  were  encountered  in  the  foundations,  as 
occurred  quite  often,  the  material  was  excavated  and  the  pockets  tilled 
with  concrete. 

After  cleaning  the  bottom  of  all  dirt  and  loose  rock,  the  molds 
were  built  in  place.  These  molds  consisted  of  2 -in.  tongued  and 
grooved  plank,  braced  by  posts  of  2  x  10-in.  plank  placed  about  3  ft. 
center  to  center  for  the  abutments,  and  at  each  corner  for  the  small 
piers.  At  the  corners  one  side  was  dapped  into  the  other,  so  as  to 
avoid  any  great  leakage  from  the  molds.  The  posts  were  then 
braced  by  batter  posts  from  the  surrounding  earth.  In  the  case  of  the 
piers  a  square  frame  was  then  dropped  over  the  molds  and  securely 
spiked  to  the  posts,  to  hold  the  mold  well  together.  With  the  abut- 
ments the  molds  were  built  up  as  the  work  of  laying  the  concrete 
progressed.  In  the  case  of  the  north  abutment,  the  mold  was  built 
in  6  to  7-ft.  sections,  and  held  together  by  f-in.  iron  rods  which 
passed  through  the  concrete  and  which  were  left  in  the  finished  abut- 
ment. By  this  arrangement,  much  less  planking  was  required,  as  the 
lower  sections  were  taken  off  and  used  on  the  upper  part  of  the 
structure  as  the  work  progressed. 

The  inside  of  the  molds  was  painted  with  a  thin  coat  of  crude 
black  oil,  so  that  there  would  be  no  adhesion  of  the  wood  to  the  con- 
crete. The  same  mold  was  used  for  a  number  of  piers.  Since  all 
piers  had  the  same  batter,  it  was  only  necessary  to  add  a  few  planks 
to  the  bottom  of  the  old  mold  or  to  take  a  few  away  to  bring  it  to 
the  required  height.  In  the  case  of  the  earth  foundation  before  referred 
to,  the  pier  was  built  in  two  parts,  the  upper  portion  having  the  same 
batter  as  the  other  piers,  viz.,  1  in.  to  1  ft.,  and  the  lower  portion 
having  a  sufficient  batter  to  give  the  required  area  of  foundation.  The 
proportions  of  materials  used  in  the  concrete  were  1  part  cement.  2 
parts  sand,  and  5  parts  broken  stone.  The  cement  was  the  Atlas 
Portland  brand.     The  best  sand  to  be  found  in  that  localitv  was  that 


850  CUSKi    OH    LONESOME    VALLE1     VIADUCT. 

from  the  bed  of  the  Tennessee  River,  which  was  used.     The  specifics 
tions  for  sand  and  oemenl  were  the  Bame  as  adopted  by  the   Depart 
tnenl  of  Docks  of  New  fork  Oity.     Broken  stone  was  obtained  cheaply 
tioin  railroad  cuts,  which  were  being  worked  at  both  approaches  to  the 
viaduot,  the  rock  being  crushed  and  ased  on  the  work.     The  rod  eras 
a  si  rong  Limestone. 

Aboul  |  yd.  of  concrete  was  made  on  each  platform  at  a  time,  one 
barrel  of  cement  being  taken  as  the  unit  of  measure;  each  hatch  con 
taining  1  barrel  cement,  2  barrels  Band  and  5  barrels  broken  stone. 
The  method  of  mixing  was  as  follows:  2  barrels  of  sand  were  spread 
out  evenly  in  the  mortar  box  and  1  barrel  of  cement  was  then 
spread  over  the  sand.  The  mixing  was  done  in  the  usual  manner  by 
hoes,  and  when  completely  mixed,  about  12  galls,  of  water  were  added. 
The  amount  of  water  varied  with  the  freshness  of  the  cement  and  the 
temperature.  The  stone  was  measured  in  wheelbarrows,  built  with 
four  sides,  so  that  each  one  would  contain  one  barrel.  The  stone  was 
dumped  and  spread  along  the  front  of  the  box  to  a  width  of  4  ft.  and  a 
depth  of  6  ins.  After  watering  the  stone,  the  mortar  was  thrown  on  it, 
and  then  both  were  well  mixed  by  turning  with  shovels.  Usually, 
when  the  material  was  twice  turned,  it  was  found  to  be  sufficiently 
mixed  to  be  shoveled  into  the  wheelbarrows  and  taken  to  the  molds. 
This  shoveling  the  mixture  into  the  wheelbarrows  ensured  its  being 
well  mixed,  as  it  was  thereby  turned  twice  in  addition  to  the  previous 
mixing.  The  layers  of  concrete  in  the  molds  were  from  8  to  10  ins. 
By  passing  the  blade  of  a  shovel  between  the  mold  and  the  concrete, 
a  small  portion  of  the  cement  mortar  was  forced  against  the  mold, 
thereby  giving  the  finished  abutment  a  smooth  appearance  with  no 
stones  showing.  In  fact,  the  effect  of  this  "  cutting  of  the  sides  "  has 
caused  the  criticism  that  the  structures  have  the  appearance  of  too 
rich  a  concrete  having  been  used.  The  tamping  of  the  concrete  was 
done  with  rammers  weighing  from  30  to  40  lbs.  Too  much  tamping  is 
to  be  avoided,  as  it  separates  the  mortar  from  the  stone,  bringing  the 
former  to  the  surface.  An  excess  of  water  is  also  detrimental  to  the 
concrete,  as  it  brings  a  layer  of  cement  which  has  already  set  to  the 
surface,  forming  a  point  of  weakness  in  the  finished  block,  unless  it  is 
well  scraped  off  before  the  next  layer  is  deposited.  The  upper  sur- 
faces of  abutments  and  piers  were  finished  Avith  a  £-in.  layer  of  mortar, 
consisting  of  1  part  of  cement  to  2  parts  of  sand.     Two  days  after  the 
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completion  of  the  pier,  the  molds  were  removed,  and  the  pier  bad  the 
appearance  of  being  one  solid   piece   of  stone.      The   concrete    was 

protected  from  the  sun's  rays  by  twigs,  and  watered  twice  every  day 
for  a  week  after  the  molds  were  removed,  as  tins  was  found  to  improve 
it  greatly.  One  abutment  contains  321  cu.  yds.  of  concrete.  In  such 
large  masses,  as  the  work  of  laying  the  concrete  had  to  be  discon- 
tinued a  number  of  times,  it  was  found  advisable  to  build  the  mass 
in  sections,  arranging  them  so  that  one  section  would  always  overlap 
the  preceding  sections  considerably. 

Before  beginning  work  each  day,  the  surface  of  the  concrete 
previously  laid  was  roughened  with  a  pick,  then  cleaned  and  well 
moistened,  a  layer  of  mortar  laid,  and  the  new  concrete  deposited  on 
this  bed.  When  the  molds  were  taken  off  it  was  found  that  where  one 
day's  work  joined  that  of  another,  lines  could  be  noticed,  and  in  the 
case  of  the  south  abutment  these  lines  were  inclined,  sloping  at  about 
the  angle  of  repose  of  the  wet  concrete.  At  the  north  abutment  tem- 
porary partitions  were  therefore  inserted  in  the  mold,  and  these  lines 
became  vertical,  each  section  now  being  a  trapezoidal  block.  After  the 
concrete  was  set,  some  of  these  joints  were  cut  into,  and  the  concrete 
there  was  found  to  be  as  solid  as  in  the  remainder  of  the  mass. 

The  non-porosity  of  the  concrete  was  well  shown  by  the  following  : 
On  account  of  the  delay  in  receiving  the  anchor  bolts  for  the  abutment, 
wooden  cores  were  placed  in  the  concrete  in  their  stead.  When  the 
abutment  was  completed  these  cores  were  withdrawn  and  the  holes 
filled  with  water  and  covered  with  boards  and  twigs,  to  protect  them 
from  the  sun's  rays.  It  was  found  that,  after  the  concrete  had  set  well, 
the  amount  of  water  in  these  holes  lessened  very  slowly;  in  fact,  the  dif- 
ference of  the  levels  of  the  water,  from  day  to  day,  could  not  be  noticed. 
A  gang  of  men  would  mix  and  lay  about  40  cu.  yds.  of  concrete  in 
a  day's  work  of  about  11  hours,  when  not  delayed  by  lack  of  materials. 
The  gang  was  made  up  as  follows  : 

Filling  sand  barrels  and  handling  water 1 

Filling  rock  barrows 2 

Mixing  sand  and  cement    4 

Mixing  stone  and  mortar 4 

Wheeling  concrete 2 

Spreading  concrete  in  the  molds    1 

Tamping  concrete  in  the  molds 1 

Foreman 1 

Total 16 
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It  was  found  Prom  actual  measuremenl   that   1  on.  yd.  of  concrete 
well  rammed  and  set,  made  up  in  the  proportion  bj  volume  of  I  pari 
cement,  2  parts  Band  and  .">  parts  broken  Btone  (the  broken  Btone  I" 
about  2  ins.  in  largest  dimension),  consisted   of  1.25  barrels  of  cement, 

10  en.  ft.  of  sand  and  26.5  OU.   ft.  of  broUen  stone. 

The  concrete  was  laid  by  contract;  the  price  paid  being  $8  in  re- 
ceiver's certificates,  equal  at  that  time  to  about  $7  cash.  At  this  figure 
there  was  a  small  profit  in  the  work  in  that  locality,  sand  costing  30 
cents  per  cubic  yard,  and  cement  $2  80  per  barrel,  delivered  at  the 
work.  The  total  amount  of  concrete  laid  in  the  36  piers  and  two 
abutments  was  926  cu.  yds. 


DISCUSSION 


Mr.  M orison.  Geoege  S.  Moeison,  President  Am.  Soc.  C.  E. — There  are  classes  of 
work  which  engineers  prefer  to  have  done  by  entirely  unskilled  labor 
rather  than  with  skilled,  because  the  former  will  do  what  is  wanted 
and  the  latter  will  not.  It  is  possible  that  for  this  reason  the  cheap 
negro  labor  was  the  best  that  could  have  been  engaged  for  the  work 
described  in  the  paper. 

Mr.  Emery.  Chaeles  E.  Emeby,  M.  Am.  Soc.  C.  E. — Concrete  has  been  used  for 
reservoirs  of  considerable  size  in  India,  many  of  which  are  covered. 
A  covered  concrete  reservoir  was  built  with  much  care  a  number 
of  years  ago  in  Ceylon,  but  after  a  time  large  cracks  appeared.  An 
.  investigation  was  made,  which  indicated  that  they  were  probably 
caused  by  expansion  due  to  temperature  changes.  A  portion  of  the 
reservoir  had  been  covered  with  earth  before  the  cracks  appeared, 
and  the  trouble  was  remedied  by  covering  the  entire  reservoir  with 
earth,  so  as  to  have  all  the  concrete  equally  protected,  aud  by  closing 
the  joints  with  cement  covered  with  a  preparation  of  asphalt. 

Mr.  Crowell.  Fostee  Ceoweel,  M.  Am.  Soc.  C.  E. — Concrete  is  very  largely  used 
in  hot  climates  with  satisfactory  results.  Some  years  ago  the  speaker 
had  occasion  to  examine  the  concrete  retaining  walls  iu  use  on 
the  island  of  Jamaica,  which  had  been  in  service  for  many  years,  and 
were  found  to  be  intact  and  in  a  fine  state  of  preservation;  they  were 
important  structures  30  to  40  ft.  high  in  places,  supporting  a  railroad 
embankment,  and  had  been  subject  to  great  heat  and  to  all  the  de- 
structive influences  of  weather  except  frost.  It  is  customary  to  con- 
sider the  weak  point  of  concrete  to  be  the  damaging  effect  of  frost,  but 
the  speaker  failed  to  see  why  this  argument  against  concrete  does  not 
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eipply  equally  to  cut  stone  masonry.     The  effects  on   a  mass  of  con- Mr.  CrowelL 
crete  produced  by  temperature  or  moisture  are  due  to  imperfections 
in  mixing,  and  if  the  mixing  and  ramming  are  properly  done,   the 
arguments  relating  to  moisture  and  freezing  no  longer  apply. 

F.  V.  Abbot.  M.  Am.  Soc.  C.  E. — The  author's  method  of  finishing  Mr.  Abhor. 
the  surface  of  the  concrete  so  as  to  avoid  cavities,  by  running  a  shovel 
down  between  the  mold  and  the  coucrete.  had  been  used  by  the  speaker, 
but  he  considered  as  a  better  plan  that  employed  by  Captain  Warren, 
Corps  of  Engineers,  U.  S.  Army,  at  the  gunlift  battery  at  Sandy  Hook, 
Xew  York  Harbor.  The  mortar  for  the  concrete  was  prepared  as 
usual,  but  a  certain  proportion  of  eaeh  bateh  was  reserved  for  facing 
before  the  broken  stone  was  mixed  in.  This  mortar  was  placed  along 
the  bottom  of  the  mold  in  a  narrow  pile  sloping  up  against  the  sides  as 
steeply  as  it  would  stand.  The  mold  was  then  rilled  in  with  concrete 
up  to  about  the  level  of  the  top  of  the  pile  of  mortar,  and  the  whole 
was  rammed.  The  next  batch  of  concrete  was  then  added,  but  instead 
of  rilling  it  out  against  the  mold  the  edges  of  the  layer  were  sloped 
back  from  the  mold  at  an  angle  of  about  45°.  When  this  batch  had 
been  spread  and  rammed  the  mortar  reserved  from  it  was  placed  in 
the  triangular  space  left  between  it  and  the  mold,  and  was  carried  up 
above  the  top  of  the  layer,  sloping  back  toward  the  sides  of  the  mold 
again.  In  this  way  the  mass  was  made  homogeneous,  and  the  surface 
smooth  and  true.  The  method  was  very  rapid  and  insured  the  absence 
of  stones  near  the  face  of  the  work  so  completely  that  there  was  no 
need  of  subsequent  work  to  make  it  even  and  straight. 

On  another  part  of  the  work  the  molds  were  taken  down  just  as 
soon  as  the  cement  had  set  sufficiently,  and  a  surface  coat  of  mortar 
was  then  applied  with  a  plasterer's  float.  This  was  much  less  satis- 
factory, and  large  pieces  of  the  surface  have  scaled  off.  This  will 
continue,  because  the  mortars  composing  the  coating  and  the  concrete 
are  of  different  compositions  and  have  in  consequence  different  rates  of 
expansion  and  contraction  with  changes  in  temperature.  A  similar 
attempt  to  float  or  plaster  the  surface  of  concrete  after  it  had  taken  a 
partial  set  failed  at  Fort  Sumter.  S.  C. 

Bebnakd  R.  Geeen,  M.  Am.  Soc.  C.  E. — In  building  fortifications  Mr.  Green, 
at  Portland,  Me.,  as  long  ago  as  1872,  the  method  of  constructing 
concrete  in  a  mold  of  planks,  properly  faced  on  the  inside  to  prevent 
adherence  of  the  concrete,  was  successfully  practiced  on  a  large  scale. 
Where  a  very  strong  concrete  was  not  necessary.  American  cement 
was  use(J  for  it,  but  the  exposed  surface  of  such  concrete  was  found 
to  withstand  freezing  weather  poorly  and  so  was  given  a  durable 
facing  by  plastering  the  inside  of  the  mold  a  little  in  advance  of  the 
layers  of  concrete  with  a  Portland  cement  mortar,  which  made  an 
excellent  protecting  surface.  These  works  have  been  exposed  to  the 
severe  weather  of  that  latitude  for  twenty  years,  and  are  still  in  good 
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Mr.  Gtaeen.  condition.  The  method  La  entirely  prael  Lcable  and  sat  Lafactory  if  the 
fresh  mortar  ami  freeh  oonorete  are  not  allowed  to  set  separately,  but 
harden  into  a  monolith.  The  thickness  of  the  Porl  land  oemenl  mortar 
coating  in  the  fortifioationa  probably  varied  from  a  small  traction  of 
1  in.  to  i  ins.,  as  no  effori  wbb  made  to  prodnoe  a  uniform  coat,  bni 
simply  to  keep  the  stones  back  from  the  surface.  A  sufficient  quan- 
tity was  applied,  however,  to  make  an  average  thickness  of  about  2 
ins.  Concrete  may  be  used  as  a  substitute  for  stone  or  brick  masonry 
up  to  the  limit  of  the  strength  of  the  cement  in  any  climate,  when 
intelligently  made  and  laid.  Good  concrete  can  be  made  with  inferior 
materials  and  the  cheapest  labor  under  the  direction  of  an  engineer 
specially  skilled  in  such  work. 


CORRESPONDENCE. 


Mr.  Parsons.  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E. — The  concrete  work 
described  in  this  paper  is  interesting  from  several  facts.  It  is  one  of 
the  largest  pieces  of  pure  concrete  masonry  used  in  railroad  practice 
in  the  United  States;  the  superstructure  rests  directly  upon  it  without 
intermediate  capstones;  there  was  no  cut  stone  used  at  all,  the  only 
stone  used  being  the  broken  stone  in  the  work;  and  it  was  put  up  very 
successfully  by  the  most  unskilled  form  of  labor. 

The  valley  wras  crossed  originally  by  a  high  wooden  trestle,  which 
collapsed  under  a  passing  freight  train  three  years  ago.  After  the 
failure  of  the  trestle,  trains  were  run  around  the  break  by  construct- 
ing a  steep  gradient  on  each  side  of  the  valley  with  a  trestle  of 
moderate  height  in  the  center.  A  year  ago  it  wras  decided  to  replace 
the  trestle  with  a  steel  viaduct.  There  was  no  stone  along  the  line  of 
the  road  fit  for  use  in  the  masonry,  the  only  variety  being  a  limestone, 
which  disintegrated  after  about  three  years  of  exposure. 

As  consulting  engineer  of  the  company,  the  writer  therefore  ad- 
vised the  use  of  concrete  in  the  abutments  and  piers  of  the  proposed 
structure.  This  recommendation  met  with  strong  opposition  from 
the  chief  engineer  and  the  superintendent  of  the  road,  who,  while  ad- 
mitting the  good  quality  of  high-class  concrete  work,  such  as  ex- 
hibited by  the  Department  of  Docks  in  the  city  of  New  York,  never- 
theless had  a  firm  belief  that  as  the  contractors  and  laborers  in  the 
South  were  wholly  unacquainted  with  the  manufacture  of  first-class 
concrete,  it  would  be  impossible  to  make  satisfactory  work.  The 
president  of  the  road,  however,  followed  the  advice  of  the  consulting 
engineer,  relieving  the  chief  engineer  of  the  responsibility  of  the 
foundations  and  placing  it  upon  the  consulting  engineer. 

Bids  were  called  for  the  work,  and  of  all  the  contractors  that  bid 
but  one  was  found  wTho  had  sufficient  courage  to  make  a  lower  price 
on  concrete  than  on  cut  stone  masonrv,   and  this  bid   diminished  the 
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rot  of  the  work  several  thousand  dollars,  the  price  that  he  named  for  Mr.  Parsous. 
the  concrete  Iving  the  exact  amount  that  the  consulting  engineer  had 
estimated. 

The  consulting  engineer  placed  the  work  in  the  hands  of  the  author, 

who  took  charge  of  the  contractor's  men.  none  of  whom  had  made  any 
concrete,  except  the  cheap  lime  concrete  used  in  the  foundations  of 
small  buildings  in  the  South.  The  men.  therefore,  were  of  the  most 
unskilled  class  possible.  In  spite  of  this,  however,  the  author  suc- 
ceeded in  constructing  both  the  abutments  and  piers  of  concrete,  the 
work  comparing  favorably  with  the  best  work  that  has  been  turned 
out  by  the  Department  of  Docks  in  Xew  York.  In  fact,  the  succ 
was  so  great  that  both  the  engineer  and  the  superintendent  of  the 
road  have  since  admitted  the  excellence  of  the  construction  and  are 
advising  the  use  of  concrete  for  future  work,  while  the  contractor  who 
constructed  the  piers  has  stated  that  he  will  never  use  cut  stone 
masonry  again,  if  he  can  help  it. 

AlS  another  instance  of  the  excellence  of  concrete,  the  writer  de- 
sires to  mention  an  experience  with  some  piers  for  a  bridge  across 
the  Wabash  River,  the  superstructure  of  which  he  is  now  changing 
from  wood  to  iron.  Some  years  ago  the  stone  masonry  commenced  to 
show  signs  of  disintegration  and  the  piers  were  incased  in  beton.  The 
new  steel  bridge  required  the  tops  of  the  piers  to  be  cut  off,  due  to  the 
change  of  bridge  seat.  It  was  found  impossible  to  split  or  break  the 
concrete,  so  that  the  workmen  were  obliged  to  drill  holes  and  blow  off 
the  tops  of  the  piers  by  small  charges  of  gunpowder:  in  other  words, 
the  concrete  was  in  far  better  condition  than  any  stone  masonry  could 
possibly  be. 

George  H.  Pegram.  M.  Am.  Soc.  C.  E. — The  value  of  concrete  for  Mr.  Pegram. 
bridge  piers  and  foundations  is  being  generally  recognized.  The  writer 
has  used  it  unhesitatingly  for  very  large  bridges  with  as  yet  no  indica- 
tion of  insufficient  strength  or  want  of  durability.  He  has.  however, 
heard  of  some  cases  of  failure  in  other  work,  which  could  generally  be 
explained  on  the  ground  of  poor  materials  or  careless  workmanship. 

He  has  always  used  Portland  cement,  mixing  it  generally  with  sand 
and  broken  stone  in  the  proportions  of  one.  three  and  six.  Sandstone 
is  apparently  better  adapted  for  concrete  than  limestone.  The  mortar 
will  hold  to  it  more  tenaciously,  and  it  is  free  from  incipient  cracks 
which  are  apt  to  be  present  in  limestone.  Instead  of  screening  the 
broken  stone,  it  seems  sufficient  where  sandstone  is  used  to  reduce  the 
sand  by  the  amount  of  detritus  contained,  thus  reducing  the  cost  with- 
out sensibly  diminishing  the  strength. 

The  non-porosity  of  concrete,  which  the  author's  experiment  illus- 
trates, demands  constant  consideration  in  the  execution  of  the  work. 
Whenever  construction  is  stopped  for  an  interval  of  time  sufficient  to 
allow  the  mortar  to  take  a  partial  set  before  work  is  continued,  sur- 
faces should  be  left  rough  and  at  right  angles  to  the  direction  of  sub- 
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Mr.  Pegram.  Bequenl  pressures.  <  )n  account  of  I  bis  non-porosity,  it  Lb  very  diffidull 
bo  make  plastering  stn-k  bo  these  piers  unless  it  is  put  on  before  the 
concrete  has  set .  which  is  generally  Impracticable.  It  seems  better  to 
make  the  form  tongned  and  grooved  and  surfaced  inside,  and  then  take 
precautions  for  keeping  the  stones  from  getting  to  the  outside  of  the 
pier.     This  can  be  done  by  endeavoring  to  make  the  outside  of  the  pier 

of  mortar. 

In  large  bridge  piers,  it  is  essential  to  put  diagonal  bracing  from 
top  to  bottom  to  keep  the  forms  in  shape;  otherwise  atwist  in  the  pier 
or  other  deformity  may  develop. 

All  cement  used  in  concrete  should  be  carefully  tested  before  being 
used,  and  the  effect  of  the  water  with  which  it  is  mixed  should  be 
carefully  determined. 

The  appearance  of  the  work  is  greatly  benefited  by  the  use  of  na- 
tural stone  copings.  Where  these  are  used  it  is  generally  well  to  leave 
the  lower  bed  rough,  to  give  it  a  better  hold  on  the  concrete  against 
lateral  displacement. 
Mr.  Gahagau.  Walter  H.  Gahagan,  Assoc.  M.  Am.  Soc.  C.  E. — In  the  correspond- 
ence on  this  paper  Mr.  Parsons  says,  "  This  is  one  of  the  largest  pieces 
of  pure  concrete  masonry  used  in  railroad  practice  in  the  United  States. " 
The  writer  called  the  attention  of  George  H.  Pegram,  M.  Am.  Soc.  C. 
E.,  to  this  statement,  and  it  was  thought  probable  that  much  of  the 
concrete  woT.k  used  for  bridge  piers  in  the  South  had  not  attracted 
attention,  and  that  the  majority  of  the  members  of  the  Society  did 
not  know  to  what  extent  concrete  masonry  had  been  used. 

The  bridge  over  the  Arkansas  River  at  Ft.  Smith,  Ark.,  has  ten 
200-ft.  spans,  and  a  360-ft.  draw  span.  The  substructure  for  this  work 
has  thirteen  concrete  piers.  This  work  was  done  under  the  direction  of 
Mr.  Pegram,  the  consulting  engineer,  as  well  as  three  other  bridges, 
which  were  built  in  Louisiana  in  1891,  on  the  line  of  the  Houston, 
Central  Arkansas  and  Northern  Railway.  The  writer  was  employed 
by  the  contractors,  the  Union  Bridge  Company,  and  had  immediate 
charge  of  constructing  the  substructure  for  the  Little  River  Bridge 
and  the  Red  River  Bridge,  the  latter  crossing  the  Red  River  at 
Alexandria,  La.  These  bridges  were  on  the  line  of  the  railway  just 
mentioned. 

At  Little  River  there  were  two  piers  built  of  concrete  in  the  main 
channel  which  rested  upon  grillages  and  pile  foundations,  and  two 
shore  piers,  which  were  two  pair  of  cylinder  piers.  One  of  the  con- 
crete piers  was  6  ft.  wide  by  17  ft.  long  between  the  shoulders  at  the 
top  and  had  semi-circular  ends.  The  batter  was  1  in  24.  The  pier 
measured  52.5  ft.  from  the  top  of  the  concrete  to  the  grillage.  This 
pier  contained  379  cu.  yds.  of  concrete  masonry  (see  Figs.  1  and  2). 
The  other  pier  is  a  pivot  pier  carrying  a  girder  draw  span  of  148  ft.  It 
is  10  ft.  wide  and  12  ft.  long  between  shoulders,  with  no  batter  but 
an  enlarged  base  similar  to  that  shown  in  Figs.  3  and  4.     This  pier 
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measures  51.9  ft.  from  the  top  of  the  concrete  to  the  top  of  the  grill-  Mr.  Gal 
age  and  contains  390.4  en,  yds.  of  concrete  masonry. 

The  bridge  across  the  Red  River  has  six  concrete  masonry  piers, 
all  founded  upon  the  natural  ledge  of  rock.  Three  of  these  piers  are 
6  ft.  wide  at  top  by  19  ft.  between  shoulders,  with  s<  mi-circular  ends. 
Two  of  them,  the  draw  rest  piers,  are  7  ft.  wide  by  19  ft.  between 
shoulders  at  their  tops,  with  semi-circular  ends.  The  sixth  is  a  pivot 
pier,  a  vertical  shaft  27  ft.  in  diameter.  The  batter  on  these  piers, 
excepting  the  pivot  pier,  is  1  in  24.  The  Red  River  piers  measured 
from  14  to  53  ft.  from  the  top  of  the  concrete  to  the  foundation.  The 
quantity  of  concrete  in  them  was  2  827  cu.  yds. 
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At  the  same  time  they  were  under  construction,  the  Union  Bridge 
Company  was  building  for  the  same  company  a  bridge  across  the 
Ouachita  River.  This  has  five  piers,  two  of  them,  the  shore  piers, 
being  cylinders  dredged  down  and  filled  with  concrete.  The  chan- 
nel piers  are  of  concrete  masonry  resting  upon  grillages  and  pile 
foundations.  The  center  pier  is  a  pivot  pier  and  carries  a  360-ft. 
draw  span.  This  pier  is  a  circular  shaft  27  ft.  in  diameter  and  measures 
52.25  ft.  from  the  top  of  the  concrete  to  the  top  of  the  grillage.  This 
pier  contains  1  153.8  cu.  yds.  of  concrete  masonry.  The  draw  rest 
piers  are  7  ft.  wide  by  19  ft.  between  shoulders  at  the  top  of  the  pier. 
The  batter  is  1  in  24.  These  two  piers  contain  583.5  cu.  yds.  of  con- 
crete masonry  each,  and  measure  59.75  ft.  from  the  top  of  the  concrete 
to  the  top  of  the  grillage.  The  three  piers  contain  2  320.8  cu.  yds.  of 
concrete. 

The  total  amount  of  concrete  masonry  in  the  piers  for  these  three 
bridges  is  as  follows : 

Ouachita  River  crossing 2  320.8  cu.  yds. 

Little  River  "         769.5 

Red  River  "         2  827.0 


Total 5  917.3 
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Bfr.  Gahagan.  The  concrete  for  the  Ouachita  and  Little  River  Bridges  was  mixed 
with  ;i  maohine.  That  for  the  Red  River  crossing  was  mixed  by  band 
in  vt'i-v  mncfa  the  Bame  manner  as  described  by  the  author,  excepl  the 
dry  Band  was  first  Bpread  upon  the  platform,  thecemenl  sp  enly 

over  the  sand,  and  the  oemenl  and  Band  were  then  turned  until  they 
were  thoroughly  mixed  dry.  Water  waa  nexi  added  and  a  mortar 
made.  This  mortal',  when  properly  mixed,  was  spread  out,  and  the 
broken  stone  thrown  into  it  and  the  whole  mass  turned  again  two 
tinu^s  before  being  put  into  the  piers.  The  proportions  used  in  mix- 
ing the  concrete  were  1  part  of  Portland  cement,  2  parts  of  -and  and  6 
parts  of  broken  stone.  Figs.  3  and  4  show  the  long  slender  shafts, 
and  certainly  indicate  that  the  designers  and  constructors  of  this  work 
had  no  doubt  but  that  concrete  masonry  was  the  only  proper  thing  to 
use  under  certain  conditions. 

In  1892,  on  the  Chicago,  Rock  Island  and  Pacific  Railway  extension 
through  the  Indian  Territory,  a  bridge  was  built  over  the  Red  River 
near  Doss,  Tex.,  having  piers  entirely  of  concrete,  no  coping  stone 
being  used.  The  amount  of  concrete  used  in  this  work  was  over  3  000 
cu.  yds.  The  writer  is  at  this  time  engineer  and  superintendent  for 
the  contractors  who  are  building  concrete  masonry  piers  for  a  railroad 
bridge  across  the  Arkansas  River.  More  than  3  000  cu.  yds  of  concrete 
masonry  will  be  used.  The  proportions  are  1  part  of  Portland 
cement,  2£  parts  of  sand,  and  5  parts  of  broken  stone. 
Mr.Tuska.  G.  R.  Tuska,  Jun.  Am.  Soc.  C.  E. — Mr.  Abbot  has  suggested  a 
method  of  obtaining  a  smooth  surface  "  by  placing  the  mortar  along 
the  sides  of  the  mold."  At  the  Lonesome  Valley  Viaduct,  where  the 
work  consisted  mainly  of  small  piers  with  a  large  amount  of  exposed 
surface,  this  method  would  require  so  much  more  cement  than  by  the 
method  followed  as  to  make  a  material  difference  in  the  cost,  with  no 
advantage  over  the  surface  obtained  by  "cutting  the  sides"  as  ex- 
plained in  the  paper.  There  is  also  the  disadvantage  of  the  piers  not 
being  homogeneous  throughout,  which  might  cause  the  concrete  to 
crack  from  the  different  rates  in  expansion.  The  method  of  plastering 
the  sides  after  the  concrete  has  partially  set  is  a  poor  one  and  not 
to  be  recommended,  as  in  every  case  the  author  has  seen  it  has  caused 
the  surface  to  break  away  soon  after  setting,  on  account  of  the  differ- 
ences in  the  rate  of  expansion  of  the  materials. 

As  to  the  effect  of  frost  on  the  structures.  It  is  now  a  year  since 
these  masses  of  concrete  were  made.  They  have  gone  through  hot  dry 
Aveather  and  also  freezing  weather  since  erection,  but  no  bad  effects 
have  been  noticed.  In  fact,  not  even  the  sharp  edges  of  the  pedestals, 
etc.,  have  been  broken  off.  All  the  masses  of  concrete  are  in  as  good 
condition  as  when  first  erected,  and  no  trouble  of  any  kind  has  been 
experienced  since  completion. 
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TOPOGEAPHY  ON  THE  SURVEY  OF  THE  MEXICO 
UNITED  STATES  BOUNDARY. 


By  J.  L.  Van  Ornum,  Assoc.   M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1895. 


WITH  DISCUSSION. 


The  adaptation  of  plans  to  the  purpose  in  view  constitutes  the  aim 
of  the  civil  engineer.  However  general  in  scope  a  method  may  be,  it 
is  modified  in  characteristic  details  by  ever-varying  requirements  of 
natural  conditions,  of  the  project,  and  of  the  necessary  cost.  The  ap- 
preciation of  the  conditions  involved  characterizes  the  successful  pro- 
ject, whether  in  the  survey,  design  or  construction  of  engineering  work. 

It  is  for  the  purpose  of  showing  the  adaptability  (both  in  their 
usual  form  and  in  their  elasticity  to  suit  various  conditions)  of  well- 
known  surveying  methods,  and  especially  of  the  use  of  the  stadia,  that 
this  paper  is  written.  In  discussing  the  survey  there  will  be  given  a 
general  review  of  the  methods  adopted  under  the  various  conditions, 
passing  lightly  over  such  details  as  are  of  general  knowledge  and  use 
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at  the  present  il;i\  and  amplifying  more  those  methods  and  detaili 
whioh  arc  perhaps,  somewhat  new  to  engineering  literature  and  to 
Burveys  as  at  present  oonduoted. 

This  boundary  survey  was  made  under  the  direction  of  two  coin- 
missions,  one  representing  Mexico,  and  the  other  the  United  Statx  - 
Each  commission  made  a  complete  survey,  with  Lndependenl  parties, 
for  its  own  nation.  The  commissioners  for  the  United  States  were 
Lieut. -Col.  J.  W.  Barlow  and  First  Lieut.  D.  D.  Gaillard  of  the  Corps 
of  Engineers,  U.  S.  A.,  and  A.  T.  Mosman,  M.  Am.  Soc.  C.  E.,  of  the 
United  States  Coast  and  Geodetic  Survey.  The  field  work  of  the 
survey  was  begun  in  February,  1892,  and  was  finished  in  October, 
1893.  During  this  time  the  author  had  charge  of  the  topography 
under  the  United  States  Commissioners. 

The  survey  included  all  the  frontier  between  the  two  rej^ublics,  ex- 
cept the  river  boundaries,  thus  excluding  that  of  the  Rio  Grande  from 
El  Paso,  Tex. ,  to  the  Gulf  of  Mexico  and  that  of  about  24  miles  along 
the  Colorado  River  below  Yuma,  Ariz.  The  overland  boundary  as  sur- 
veyed consists  of  five  segments,  as  provided  in  the  Gadsden  treaty  of 
1853,  starting  at  the  intersection  of  the  Rio  Grande  and  the  parallel 
31°  47' north,  and  running  west  along  this  parallel  100  miles;  thence 
due  south  to  parallel  31°  20'  north;  thence  west  along  this  parallel  to 
the  111th  meridian  west  of  Greenwich;  thence  in  a  straight  line  to  the 
Colorado  River  at  a  point  20  miles  below  the  mouth  of  the  Gila  River; 
and  (the  fifth  segment)  from  the  point  where  the  Gila  River  enters  the 
Colorado  River  in  a  straight  line  to  a  point  on  the  Pacific  Ocean  1 
marine  league  south  of  the  south  end  of  San  Diego  Bay.  The  last 
two  segments  were,  then,  on  neither  parallels  nor  meridians. 

This  boundary  was  marked  soon  after  its  establishment  writh  as  great 
care  as  wras  practicable  at  that  time  and  in  a  desert  country  far  from 
communication  and  supplies.  Fifty-three  more  or  less  permanent 
monuments  were  erected  in  the  distance  of  about  675  miles,  but  many 
became  scattered  and  lost,  so  that  there  were  eleven  gaps  between  monu- 
ments of  about  20  miles  and  more,  and  one  space  of  over  100  miles.  In 
consequence  there  were  disputes  concerning  ownership  of  property  and 
customs  difficulties,  and  after  the  lapse  of  nearly  40  years  a  second 
treaty  was  formed  between  the  two  republics,  providing  for  a  resurvey 
based  upon  the  previous  one  (making  authenticated  monuments  of  that 
survey  fixed  points  of  the  boundary  to  be  marked  again),  and  provid- 
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ing  that  distances  between  monuments  should  never  exceed  5  miles.  In 
pursuance  of  this  treaty  and  as  determined  by  the  resur\  inanent 

monuments  of  cast-iron  have  been  erected  and  the  old  authenticated 
monuments  have  been  rebuilt  of  dressed  stone  in  such  a  way  that 
throughout  the  boundary  the  258  monuments  are  visible  one  from 
another. 

The  nature  of  the  country  to  be  traversed  had  a  most  important 
bearing  upon  the  organization  of  the  parties  and  the  methods  adopted 
for  the  survey.  Little  was  known  of  extensive  portions  of  the  bound- 
ary, and  there  was  much  difficulty  in  securing  definite  information 
concerning  it.  The  fact  that  about  as  accurate  a  map  of  this  region 
as  had  ever  been  made  was  published  nearly  two  centuries  ago  ^1701) 
by  Father  Kino,  a  Jesuit  priest,  will  indicate  the  paucity  of  accurate 
information.  Advantage  was  taken  of  the  reports  on  Major  Emory's 
survey  (18-49-1855),  of  a  reconnaissance  by  Captain  Symons  about  10 
years  ago.  and  of  such  other  evidence  as  could  be  secured.  General 
plans  were  thus  formed,  and  were  modified  as  found  necessary  by 
reconnaissances  varying  from  50  to  150  miles  in  advance  of  the  working 
parties. 

The  whole  region  is  essentially  arid,  some  j)ortions  more  so  than 
others,  but  all  natural  features  and  conditions  are  such  as  arise  from 
Ha  arid  character.  The  country  consists  of  a  succession  of  plains 
and  mountain  chains,  the  latter  extending  generally  from  northwest  to 
southeast  and  varying  in  width  from  2  to  20  miles.  The  plains  are 
flat,  sandy  wastes,  rarely  showing  any  irregularity  or  erosion;  the 
cactus  and  sage  brush  form  their  distinctive  and  often  only  vegetation. 
The  mountains  vary  in  height  from  a  few  hundred  to  1  000  ft.  above 
the  plains  and  are  generally  igneous  or  metamorphic  in  composition. 
Volcanic  peaks  are  frequent,  and  at  times  the  lava  has  poured  in  a 
great  flood  over  the  plains,  covering  them  for  miles  with  a  sheet  of 
liquid  fire  from  a  few  inches  to  several  feet  in  depth,  and  making  a 
desolate  region  even  more  desolate  and  forbidding  and  furnace-like,  as 
the  lava  rock  catches  and  throws  out  again  the  fierce  heat  of  an  un- 
clouded sun.  Mountain  vegetation  here  is  also  arid  in  character,  the 
cactus  being  the  prominent  feature.  The  hardy  and  stunted  ironwood, 
manzanita  and  evergreen  oak  are  found  on  different  ranges,  and,  very 
rarely,  pine,  sycamore  and  other  trees,  wherever  they  can  find  enough 
moisture. 
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The  extremely  precipitous  character  of  fche  mountains  is  remark- 
able. Vertical  angles  of  l<>  .  50  and  80  were  often  necessary,  an< I 
cliffs  were  encountered  thai  could  n<»t  be  Boaled;  at  times  it  was  n< 
siiry  to  occupy  with  transits  pinnacles  hardly  Large  enough  to  admit 
of  the  extended  tripod  Legs.  As  a  general  illustration,  at  one  point  of 
the  boundary  a  sight  of  about  2  000  ft.  was  taken  from  one  mountain 
ridge  to  the  next,  between  which  there  was  a  ravine  about  1  000  ft.  in 
depth.  Before  10  o'clock  the  transitman  began  his  descent  from  the 
ridge  to  cross  the  ravine  and  to  climb  to  the  point  just  observed, 
while  he  signaled  the  stadiaman  to  cross  from  that  point  a  second 
ravine  to  a  third  ridge  for  obtaining  an  advance  sight.  Approaching 
sunset  forced  them  both  to  return  to  camp  before  they  could  reach  the 
intended  points.  The  larger  part  of  the  day  was  taken  in  the  descent 
and  partial  ascent,  which  suggests  the  rugged  steepness  of  the  moun- 
tains and  the  great  care  necessary  to  escape  disaster.  Similar  condi- 
tions were  frequently  encountered.  The  greatest  difficulty  in  this  arid 
country  is  to  secure  water.  Springs,  wells,  lagoons  and  streams  were 
made  use  of  as  found,  and  twice  great  natural  rock  basins  in  the  moun- 
tains, which  caught  rain-water  and  held  it  long  after  the  rainy  season, 
gave  a  very  opportune  supply.  Still  it  was  frequently  necessary  to 
draw  the  water  15  or  20  miles  to  camps,  sometimes  50  miles,  and  in  one 
case  over  100  miles.  The  lack  of  water  and  its  poor  quality  often 
caused  inconvenience,  but  never  suffering  from  its  failure,  though 
sometimes  the  margin  of  safety  was  small. 

The  summer  temperatures  are  very  severe;  not  so  trying,  however, 
in  the  plateau  region  of  the  eastern  half  as  in  the  low-lying  desert 
region  on  both  sides  of  the  Colorado  River.  Though  from  design  the 
worst  portions  of  the  deserts  were  passed  in  the  spring,  during  June 
and  July  of  the  second  summer  the  parties  that  crossed  the  Yuma 
Desert  were  subjected  to  a  temperature  rarely  falling  as  low  as  90° 
through  the  night,  and  reaching  at  least  104°  for  four  or  five  hours 
nearly  every  day,  and  on  one  day  indicating  118°  in  the  shade.  The 
standardized  thermometer  would  read  only  154°,  so  that  the  tempera- 
ture in  the  sun  could  not  be  determined. 

The  dryness  of  the  atmosphere  tempered  the  great  heat  in  its  effects, 
else  it  would  have  been  unendurable.  The  only  shade  was  furnished 
by  the  tents,  vegetation  affording  none.  Not  only  were  the  engineers 
working  constantly  in  the  sun,  but,  unless  within  reach  of  the  camp,  the 
noonday  rest  found  no  cooling  shade,  and  proved,  rather,  a  hardship. 
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Temperature,  dry  atmosphere  and  nigged  mountain  ascents  all  con- 
spired to  tax  endurance  and  to  necessitate  a  bountiful  supply  of  water. 
Men  would  drink  2  galls,  or  more  a  day,  suffering  no  ill  effects.  The 
country  was,  in  the  main,  uninhabited.  The  Southern  Pacific  Rail- 
road was  generally  the  base  of  supplies.  This  necessitated  a  haulage, 
for  varying  distances  up  to  80  and  100  miles,  of  provisions  for  the  engi- 
neers and  the  necessary  escort  of  troops,  and  of  forage  for  the  animals. 
Such,  then,  were  the  principal  obstacles  and  hardships.  They  necessi- 
tated as  small  parties  as  possible,  and  efficient  organization  and  methods. 

The  determination  of  each  of  the  three  right-line  sections  of  the 
boundary,  the  meridian  portion  and  the  two  western  sections,  consisted 
in  the  prolongation  of  the  line  from  its  determined  direction  at  one 
end.  The  tracing  of  the  two  curved-line  sections  involved  frequent 
astronomical  stations.  These  were  established  at  successive  distances 
of  about  20  miles.  Observations  were  made  to  determine  latitude  and 
azimuth,  and  tangents  to  the  parallel  at  each  astronomical  station  were 
laid  out  and  prolonged  to  the  next  station.  Intermediate  points  on 
the  boundary  were  determined  by  computed  offsets  from  the  tangent. 
A  description  of  methods  used  for  this  work  does  not  properly  come 
within  the  scope  of  this  paper.  Descriptions  of  the  latitude  and 
azimuth  determinations  and  of  methods  used  in  tracing  long  straight 
lines  in  the  field  are  fully  given  in  the  Transactions  of  the  Association 
of  Engineers  of  Cornell  University,  1894,  by  Mr.  John  F.  Hayford,  who 
had  charge  of  this  work  on  the  survey.*  These  tangents  and  right- 
line  portions  of  the  boundary,  as  astronomically  determined  and  pro- 
longed, formed  the  basis  for  the  topographical  survey,  and  the  work  of 
the  topographical  parties  begins  here. 

The  whole  boundary  was  measured  by  the  stadia.  At  the  first  it 
was  questioned  whether  the  chain  or  stadia  would  give  the  more  accu- 
rate results,  although  there  was  no  doubt  that  in  hilly  and  mountain- 
ous regions  the  stadia  would  be  more  accurate  and  very  much  more 
expeditious.  Accordingly  both  were  tried  together  in  a  country  parti- 
cularly favorable  to  the  chain  because  of  its  generally  flat  and  treeless 
character.  Over  a  portion  of  the  same  line,  Seiiors  Molina  and 
Contreras  determined  distances  by  a  well-planned  triangulation  for  the 
Mexican  government  in  1855.  Corresponding  distances  as  found  by 
stadia  and  chain  are  given  in  the  table,  distances  to  follow  being 
always  in  meters,  the  unit  used  also  on  this  last  survey. 

*  E.  L.  Ingram,  Assoc.  M.  Am.  Soc.  C.  E.,  had  charge  of  about  two  thirds  of  this  "line" 
work  of  the  survey 
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I,   ub  op  Distances    ua   Determined   bi    Stadia,  Tkianouultiob   am> 

(  'll  \IN. 


Error. 

Stadia. 

Triangulation. 

Corrected  chain. 

or. 
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19  970 

21   IT:; 
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49  879 
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21  (in:, 

22  804 

0 
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—  hJ7 

—  D&T 

—  Il'i  I 

—  2t£b5 

148  982 

148  989                   =  Total  distances. 

l. 

l  4  :;  fi 


The  total  ratio  of  error  between  triangulation  and  chain  is  — 
from  the  table  ;  between  triangulation  and  stadia  for  the  same  distance, 
—  T~iVe;  an(i  f°r  the  total  continuous  distance,  —  irisr- 

It  will  be  noticed  that  over  the  chain-measured  distances  the  head- 
ing is  "  corrected  chain  "  ;  this  is  so  stated  because  at  different  times 
the  stadia  detected  the  dropping  or  addition  of  a  chain  length  in  the 
chaining  record.  This  occurred  six  times  in  the  above  distance,  and, 
when  detected,  the  section  in  question  was  remeasured.  The  error 
was  invariably  found  to  be  by  the  chain  and  its  record  thus  corrected, 
otherwise  there  would  have  been  six  errors  of  chain  measurement 
of  20  m.  each.  The  stadia  places  all  the  responsibility  for  correct 
measurement  on  the  trained  transitman,  and  so  reduces  the  danger  of 
systematic  errors  to  a  minimum.  These  considerations  indicated  the 
greater  reliability  of  the  stadia  measurement,  even  in  the  level  country. 

During  the  progress  of  the  survey  here  described,  some  other  sec- 
tions were  triangulated.     All  distances   so   determined  are  compared 
with  the  corresponding  stadia  distances  in  the  following  table: 
Table   of  Distances  as  Determined  by  Tbiasgueatton  and  Stadla.. 


Triangulation. 

Stadia. 

Error. 

223.6 

222.7 

i 
—  5<S 

411.7 

412.7 

+  zhs 

757.6 

755.0 

i 

2yT 

785.0 

785.3 

1 
-T5BTT 

943.8 

945.5 

~r  s ~S5 

983.3 

985.2 

+  sh 

1273.2 

1  272.8 

3T53 

1  346.6 

1  349.0 

-\~  fix 

1788.0 

1  789.3 

+T5V5 

4  433.0 

4  446.0 

+  j£t 

73  095.5 

73  056.6 

rg73 

86  041.3 

86  020.1 

— itjVs 
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In  considering  this  table  it  should  be  borne  in  mind  that  the  first 
ten  distances  were  measured  under  conditions  as  severe  as  are  ever 
likely  to  occur  in  surface  measurement.  The  region  was  a  succession 
of  ridges  and  deep  caiions  often  on  too  large  a  scale  to  admit  of  sight- 
ing from  one  ridge  to  the  next,  and  so  necessitating  large  vertical 
angles  ;  and  at  times  the  vertical  angle  for  a  reasonable  sight  would 
be  so  great  that  readings  of  excessive  length  would  be  taken  in  prefer- 
ence. Its  rough,  abnormal  character  may  be  seen  from  the  fact 
that  it  would  certainly  have  taken  two  or  three  weeks  to  chain  the 
distance  of  about  8  miles,  and  even  then  the  result  would  have  been 
very  questionable,  owing  to  the  error  and  confusion  from  incessant 
"breaking  chain."  The  measurement  by  stadia  occupied  about  20 
hours. 

A  third  portion  of  the  boundary  has  been  triangulated  since  the 
completion  of  the  regular  survey.  This  was  done  because  here  the 
Mexican  and  American  stadia  distances  showed  a  considerable  dis- 
agreement, and  so  it  is  reasonable  to  suppose  that  it  furnishes  a 
check  on  the  poorest,  and  not  the  average,  stadia  work.  The  com- 
parison of  distances  with  the  original  stadia  measurement  is  here  given 
by  sections  : 
Table  of  Distances  as  Determined   by   Triangulation  and   Stadia. 


TriangulatiOD. 

Stadia. 

Error. 

257 

256 

i 

*Ts7 

1  528 

1  530 

1 
754 

2  471 

2  475 

+  B|g 

3  074 

3  075 

+Wr* 

3  308 

3  310 

-"TTSB* 

3  324 

3  333 

+    355 

3  334 

3  340 

-    sh 

3  475 

3  478 

+T&5 

3  624 

3  628 

+    955 

4  012 

4  012 

0 

5  694 

5  69y 

+TT35 

5  776 

5  794 

+    sk 

5  987 

5  992 

+nW 

6  061 

6  068 

~r  s"f-5 

6  685 

6  698 

+  vU 

58  610 

58  688 

+  rh 

Each  of  the  three  tables  gives  the  errors  of  each  component  section 
and  its  total  ratio  of  error.  In  all,  293  640  m.  (182J  miles)  of  stadia- 
measured  boundary  have  been  triangulated,  in  which  the  total  difference 
in  length  is  -f  50  m.,  or  an  error  of  fftt-     However,   this  method  of 
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statingthe  accuracy  by  aggregate  Lengths,  though  often  used,  is  not 

tlu1  truest  or  fairest  ;  sueli  ratio  of  error  should  rather  lie  a  mean  <>f 
all  the  different  errors  of  closure  of  each  short  portion  checked,  giving 
that  of  each  section  its  relative  weight.  The  error  is  ^  when  so 
considered. 

The  topography  taken  formed  a  belt  4  000  m.  (2^  miles)  wide  for 
the  whole  length  of  the  boundary  and  covered  an  area  of  about  1  700 
sq.  miles  on  the  American  side.  The  work  as  planned  involved  the 
instrumental  location  and  determination  of  the  elevation  of  all  surface 
irregularities  and  the  position  of  roads,  trails,  towns,  ranches,  wood, 
grass,  and  water.  All  such  topographical  points  were  taken  as  would 
appear  on  the  maps  drawn  to  the  scale  of  aooofo  and  with  contours 
20  m.  apart. 

The  natural  features  of  the  country  to  be  traversed  and  the  condi- 
tions to  be  encountered  plainly  indicated  the  transit  and  stadia  as  the 
best  field  equipment.  The  necessity  of  reducing  the  size  of  the  expedi- 
tion to  its  lowest  limit  suggested  the  plotting  of  the  maps  away  from 
the  field.  The  topography,  embracing  a  belt  of  country  4  000  m.  (2| 
miles)  in  width,  required  a  general  onward  movement  and  a  concentra- 
tion of  all  instrument  men  and  instruments  on  topography  as  moun- 
tain ranges  were  encountered,  all  working  to  advantage  in  limited  areas. 
The  occasional  remoteness  of  the  work  from  available  camps,  the  very 
rough  and  difficult  nature  of  many  regions  encountered,  and  the  neces- 
sity of  utilizing  even  the  many  very  windy  days  called  for  the  lightest 
and  most  compact  equipment  possible,  while  the  precipitous  character 
of  many  of  the  mountain  ranges,  requiring  vertical  angles  of  from  30° 
to  65°,  frequently  precluding  the  possibility  of  resection,  and,  at  times, 
offering  peaks  for  instrument  stations  that  would  barely  furnish  room 
for  the  tripod,  confirmed  the  choice  of  the  transit  as  the  only  practi- 
cable field  instrument. 

The  party  that  measured  the  tangents  was  also  charged  with  secur- 
ing the  topography  adjacent  to  and  within,  perhaps,  200  m.  on  both 
sides  of  the  boundary  with  greater  detail  than  was  used  elsewhere  in 
the  topographical  belt.  A  level  line  was  run  with  exceptional  care 
along  the  boundary  to  secure  its  profile;  the  elevations  so  secured  also 
furnished  elevations  for  the  general  topography.  The  tangent  lines 
thus  furnished  in  their  directions,  distances  and  elevations  the  basis 
of  the  topographical  lines. 
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"Where  necessary  ami  advantageous,  transit  lines  would  start  at  a 
point  on  a  tangent  line,  extend  in  a  general  northward  direction  to 
near  the  northern  edge  of  the  4  000  m.  zone,  and  turn  again  to  the  tan- 
gent line  at  another  point,  thus  securing  a  check  on  their  accuracy  of 
azimuth,  distance  and  elevation.  The  general  course  of  procedure 
corresponded,  in  the  main,  with  the  usual  practice  in  stadia  surveys. 
Azimuths  were  carried  continuously  and  measured  the  deviation  from 
the  meridian,  or,  more  strictly,  from  a  line  at  right  angles  to  the  tan- 
gent. As  this  involved  two  sights  over  each  course  to  secure  the  azi- 
muth, readings  for  distance  and  vertical  angle  were  also  taken  on  both 
foresight  and  backsight,  giving  a  double  determination  on  each  course 
of  its  length  and  change  in  elevation.  Topographical  points  were  then 
located  by  side  sights  from  these  main-line  stations,  or,  at  times,  from 
transit  stations  on  unclosed  spur  lines.  At  times,  when  difficult  moun- 
tain ranges  were  encountered,  the  parties  engaged  in  measuring  the 
tangents  and  carrying  forward  the  level  line  were  withdrawn  from  their 
usual  work  to  reinforce  the  others,  all  parties  then  working  advantag- 
eously together  on  pure  topography.  Where  such  concentration  was 
not  necessary,  each  party  would  carry  on  its  own  particular  work. 
Nearly  three-fourths  of  the  total  area  was  covered  by  this  general 
method. 

About  50  sq.  miles  was  taken  by  a  method  of  intersections.  In 
the  region  so  covered  there  were  a  few  commanding  peaks,  below  which 
lay  the  terrene  in  all  its  irregularity.  The  general  procedure  here  con- 
sisted in  the  establishment  of  station  signals  on  these  commanding 
peaks,  and  from  numerous  stations  on  the  boundary  the  tangent  tran- 
sitmen  would  take  azimuths  and  vertical  angles  to  these  signals,  from 
which  the  location  and  elevation  of  each  station  were  computed;  then 
these  same  stations  were  occupied,  two  at  a  time,  in  such  order  as  to 
give  the  best  intersections  on  points  to  be  located.  One  engineer  with 
a  flagman,  both  mounted,  where  the  country  would  permit,  would  tra- 
verse an  advantageous  area;  the  flagman  signaled  at  each  necessary 
point  of  the  area,  and  the  engineer  made  a  contour  sketch  of  the  ter- 
rene, showing  the  position  of  the  points  from  which  the  signals  were 
made.  At  the  same  time  the  two  transitmen  at  their  stations  would 
watch  the  flagman,  and,  on  a  signal  from  him,  each  would  take  the  azi- 
muth and  vertical  angle  to  his  signal,  held  vertically  on  the  ground. 
The  engineer  and  the  two  transitmen  would  all  note  the  time  of  each 
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Bight,  bo  have  a  oheok  distinguishing  corresponding  observations.  The 
similarity  to  the  intersection  method  of  Locating  oundings  in  hydro- 
graphic  surveys  is  apparent ;  points  are  located  in  the  same  way,  the 
difference  being  that  on  this  topography  the  elevation  of  each  point  is 
also  determined.  Computation  from  the  vertical  an^lc  of  each  transit 
applied  to  the  scaled  or  computed  distance  gives  two  independent 
determinations  of  elevation. 

While  topography  taken  in  this  way  is  not  capable  of  the  accuracy 
of  the  usual  method,  it  is  still  at  times  advantageous,  and  was  used  to 
facilitate  and  hasten  the  field  work.  Eighty  per  cent,  of  the  points  so 
located  checked  by  the  two  computations  within  less  that  3  m.  in 
elevation,  even  when  the  sights  were  10  000  or  12  000  m.  in  length;  of 
those  not  so  agreeing,  that  which  was  the  true  elevation  was  indicated 
by  reference  to  the  contoured  sketch. 

It  was  hoped  in  such  intersection  work  that  aneroid  barometers 
might  be  used  for  obtaining  the  elevation.  To  test  their  accuracy  they 
were  used  in  the  approved  way,  one  being  stationary  in  the  field  to 
note  fluctuations  in  the  atmosphere  itself,  while  two,  for  comparison, 
were  carried  and  read  at  each  located  point.  Comparison  of  all  three 
was  made  before  and  after  work,  and  care  used  to  secure  good  results. 
However,  the  test  confirmed  the  author's  opinion  that  they  are  useful 
only  as  reconnaissance  or  approximate  instruments.  The  two  carried 
and  read  simultaneously  would  sometimes  differ  20  m. ,  and  elevations 
computed  by  comparison  with  the  stationary  barometer  readings  would 
at  times  differ  from  the  instrumentally  determined  elevations  by  as 
much  as  40  m.  In  this  connection  it  may  be  of  further  interest  to 
state  that  the  mercurial  barometer  carried  on  the  survey  of  1849-1855 
for  determining  elevations  gave  often  very  erroneous  results,  varying 
by  different  amounts  from  the  true  elevations  to  an  extreme  error  of 
more  than  400  m. 

The  stress  of  adverse  natural  conditions  in  the  most  inaccessible 
and  forbidding  portion  of  the  boundary  made  necessary  a  further 
modification  in  the  topography  for  an  area  of  about  450  sq.  miles. 
The  region  so  covered  combines  obstacles  to  its  penetration  to  such  a 
degree  that  where  traversed  by  the  overland  route  for  emigrants  from 
Mexico  to  California,  scores  and  probably  hundreds  died  of  thirst  on 
the  road.  A  portion  of  this  region  was  considered  absolutely  im- 
possible of  penetration,  and  no  expedition  had  traversed  it.     The  sur- 
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vey  of  1849-1855  attempted  it  twice  and  failed.  In  the  face  of  this 
record,  and  with  the  summer  heat  of  the  desert  approaching,  it  was 
considered  necessary  to  expedite  the  work  in  eveiy  way  possible,  and 
the  result  proved  the  wisdom  of  the  plan.  With  the  increased  celerity 
of  progress  due  to  the  modified  plan,  the  expedition  was  barely  able 
to  traverse  this  region  and  complete  the  work  without  delay  and,  per- 
haps, disaster. 

The  method  used  here  was  unchanged  for  the  measurement  and 
profile  of  the  line  and  for  the  topography  within  1  000  m.  of  the 
boundary.  The  modified  plan  affected  only  the  belt  from  the  1  000  m. 
to  the  4  000  m.  distance,  covering  a  zone  3  000  m.  wide  for  the  region 
in  question.  This  belt  was  to  be  so  taken  as  to  show  on  the  maps  all 
natural  features  that  could  be  delineated  by  hachures  instead  of  by 
contours  at  the  usual  scale,  inrijiro>  thus  showing  all  the  main  charac- 
teristics, but  necessitating  a  less  refinement  of  work.  The  procedure 
consisted  in  locating  and  obtaining  the  elevation  of  flags  placed  on  all 
prominent  peaks  and  ridges  from  1  000  to  4  000  m.  from  the  line,  by 
the  transitman  measuring  the  boundary.  Another  transitman  would 
take  azimuths  and  vertical  angles  from  each  of  these  located  points  on 
the  other  points  in  sight,  thus  covering  the  zone  with  a  network  of 
location  lines.  At  the  same  time,  he  would  take  resections  or  stadia 
readings  on  the  more  important  secondary  features  of  the  terrene,  and 
complete  the  work  by  sketches.  This  method  gave  the  instrumental 
location  and  elevation  of  the  characteristic  and  principal  natural 
features  of  the  region,  with  approximation  to  the  less  prominent  ones. 

With  these  exceptions,  the  topography  was  secured,  as  before 
stated,  by  stadia  location.  In  this  work  the  average  length  of  primary 
sights  on  the  transit  lines  was  358  m.,  and  that  of  the  secondary 
sights,  for  general  location  and  elevation,  was  346  m.  The  average 
error  of  azimuth  on  the  closed  lines  was  23"  per  course.  The  total 
length  of  the  118  closed  lines  (not  including  the  sections  of  tangents 
checked  by  triangulation  and  already  given,  and  also  excluding  the 
section  of  tangent  in  each  case  furnishing  the  data  for  completing  the 
closure)  aggregated  826  516  m.  (513 £  miles).  The  average  error  of 
closure  on  these  lines  was  7-5^.  The  total  change  in  elevation,  or  rise 
and  fall,  on  these  lines  was  38  091  m.  (124  970  ft.);  the  average  error  in 
closing  of  elevations  was  3-77  of  the  vertical  component  or  change  in 
elevation. 
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[n  oonsidering  these  different    results  it  should  be  borne  in  mind 

that  the  work  was  done  with  no  effort  to  make  a  ' '  nconl. "  On  the 
contrary,  the  conditions  were  quite  adverse,  especially  on  account  of 
the  frequent  excessive  vertical  angles,  the  vibration  or  boiling  of  the 

air,  and  the  necessity  of  constant  progress  requiring  work  even  in  the 
numerous  wind  storms.  It  was  the  rule  that  stadia  work  should  con- 
tinue as  long  as  it  was  a  physical  possibility  for  the  stadia  men  to  hold 
up  the  stadia  rods  against  the  wind.  Elevations  were  carried  on  the 
closed  transit  lines  from  a  level  station  at  the  beginning  to  another  at 
the  end.  A  discussion  of  the  computation  from  one  station  to  the  next 
will  illustrate  the  essential  characteristics  of  all. 

Consider  the  transit  at  a  station  of  known  elevation,  taking  an 
observation  on  the  next  in  course.  The  interval  is  read,  where  con- 
venient, on  the  stadia  rod,  the  vertical  angle  is  read  for  precisely 
this  inclination,  and  the  reading  on  the  stadia  rod  of  the  middle  cross- 
hair (for  this  same  angle)  is  noted.  The  vertical  component  of  the 
distance  read,  with  its  proper  sign,  plus  for  elevation  and  minus  for 
depression  angles,  minus  the  recorded  reading  of  the  middle  cross- 
hair, gives  the  quantity  to  be  applied  to  the  elevation  of  the  instru- 
ment at  the  occupied  station,  to  secure  the  elevation  of  the  advance 
station,  curvature  and  refraction  being  disregarded. 

It  is  true  that  in  stadia  surveys  it  is  often  the  practice  to  read  the 
distance  on  a  convenient  part  of  the  stadia  rod,  and  then  to  change 
the  telescope  slightly  before  reading  the  vertical  angle,  until  the  middle 
cross-hair  stands  on  the  stadia  rod  at  a  height  equal  to  the  height  of 
instrument;  the  purpose  is  to  carry  forward  the  elevations  by  simple 
distance-into-angle  computation.  This  practice  introduces  error  into 
even  the  horizontal  (distance)  component;  while  in  the  vertical  (eleva- 
tion) component,  it  introduces  error  varying  with  the  space  on  the 
rod  which  the  middle  hair  passes  over  during  the  change  of  the  tele- 
scope. The  other  alternative,  viz.,  to  read  the  distance  with  the  middle 
cross-hair  pointing  at  the  height  of  the  instrument  point  of  the  stadia 
rod,  would  often  be  even  more  annoying,  as  it  would  restrict  the  length 
of  sight  to  about  300  m.  It  is  frequently  necessary  to  take  longer 
sights  than  this;  it  will  be  remembered  that  the  average  length  of  sight 
on  the  boundary  survey  was  greater.  Again,  as  the  disturbing  effect  of 
refraction  increases  enormously  toward  the  ground,  as  will  be  seen  in 
the  discussion  of  refraction  following,  it   is  not  advisable  to  set  the 
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lower  hair  within  less  than  a  meter  (abont  3 J  ft.)  of  the  ground,  even 
if  the  foot  of  the  rod  is  unobstructed.  It  is  true  that  if  these  prac- 
tices are  ruled  out  it  necessitates  the  division  of  the  stadia  rod  into 
true  units,  instead  of  fitting  such  divisions  to  the  transit  interval. 
This  phase  of  the  case  is  discussed  later  in  the  paper. 

When  the  advance  station  is  occupied,  a  similar  process  gives  an- 
other determination  of  the  station's  elevation,  and  a  combination  of 
the  two  eliminates  curvature  and  refraction  as  well  as  errors  due  to  the 
instrument  being  in  imperfect  adjustment  or  due  to  the  effects  of  heat 
upon  it.*  Thus,  when  no  error  is  made  in  observation,  and  refraction 
remains  constant  from  the  time  of  foresight  to  the  time  of  backsight, 
the  equation 

x  =  e  +  \  (a  -\-  ?n  -j-  n  —  b) 

will  give  the  true  elevation  of  the  advance  station,  where 
e  is  the  elevation  of  the  known  station, 
a  is  the  height  of  the  instrument  at  the  known  station, 
m  is  the  total  vertical  component  of  the  foresight, 
x  is  the  elevation  of  the  unknown  station, 
b  is  the  height  of  the  instrument  at  the  unknown  station,  and 
n  is  the  total  vertical  component  of  the  backsight. 

The  average  error  in  closing  before  the  adoption  of  this  formula  was 
more  than  a  half  greater  than  after  its  use. 

For  the  purpose  of  determining  the  error  of  closure  in  elevation 
relative  to  the  degree  of  vertical  angle,  the  author  grouped  the  lines  ac- 
cording to  the  size  of  those  angles  and  plotted  the  corresponding  errors 
as  ordinates.  The  equation  of  the  curve  so  formed,  where  a  represents 
the  average  vertical  angle  in  degrees  is,  for  meters  per  kilometer, 

30  (a  .  tan.    a)  +  8 

Error  =  loo 

or,  expressed  in  feet  per  mile, 

30  (a  .  tan.  a)  +  8 


Error  = 


19 


It  would  seem  that  the  error  should  vary  about  as  the  tangent  of 
the  angle  only.  The  presence  of  a  itself  in  the  equation  must  be  due 
to  the  fact  that  in  practice,   stadiamen  will  not  hold  the  stadia  rod 


*  Discussed  by  the  author  in  the  Journal  of  the  Association  of  Engineering  Societies 
August,  1893. 
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exact  I  v  vertical,  even  with  the  aid  of  a  plumb  Line,  the  tendency  being 
to  hold  it  perpendicular  to  tic  Line  of  sight,  and  an  error  \.u\  ing  with 

its  incliuat  ion  is  t  lius  int  roduoed. 

More  favorable  conditions  iii  the  Held  would  change  the  constants 
of  the  equation  and  give  a  smaller  probable  error.  Considered  with 
reference  to  results  with  wye  levels,  this  error  is  large,  though  not 
surprising  when  the  rise  and  fall  of  the  lines  is  remembered.  Jt  was 
greater  than  it  should  have  been  because  the  reduction  formula  before 
given  was  not  devised  until  a  part  of  the  survey  had  been  completed, 
and  because  work  was  often  continued  when  wind  storms  rendered  it 
impossible  for  the  stadia  rods  to  be  held  steadily  for  the  reading.  A 
greatly  increased  accuracy  could  be  readily  secured  if  the  vertical 
circles  of  transits  were  made  to  read  to  fractions  of  a  minute,  if  the 
telescope  bubble-tube  were  made  and  ground  with  as  much  care  and 
refinement  as  that  of  a  wye  level,  if  a  bubble-tube  were  attached 
directly  to  the  vertical  circle  vernier,  as  has  been  done  on  the  Lake 
Survey  and  Mississippi  River  Survey,  instead  of  trusting  to  the  plate 
bubble,  and  if  stadia  hairs  are  made  as  fine  as  possible  consistent  with 
distinctness. 

Here  the  author  would  again  call  to  mind  the  fact  that  on  the  bound- 
ary survey  the  usual  stadia  methods  were  generally  followed.  Some 
modifications  were  found  necessary  because  of  unusually  severe  condi- 
tions of  work  and  a  description  of  them  follows;  these  refinements  were 
employed  to  secure  more  accurate  results  where  such  conditions  would 
have  unduly  magnified  the  smaller  errors  that  generally  compensate  in 
time,  and  so  are  usually  disregarded.  The  desirability  of  applying  the 
following  refinements  must  be  decided  by  the  circumstances  of  each 
case. 

In  determining  the  interval  factor  of  a  transit's  stadia  hairs,  whether 
for  reduction  or  for  marking  the  stadia  rods  correspondingly,  especial 
care  should  be  used  to  secure  as  close  an  approximation  to  average 
working  conditions  as  practicable.  This  includes  a  consideration  of  the 
time  of  day  and  the  elevation  of  the  line  of  sight  above  the  ground  to 
involve  the  average  amount  of  refraction;  the  length  of  sight,  varying 
from  the  shortest  to  the  longest  usual  length;  frequent  tests  of  the  in- 
terval; readings  by  the  habitual  user  of  the  transit  to  involve  his  per- 
sonal equation;  and  great  care  in  the  measurement  of  the  base  for  the 
determination,  numerous  readings  at  the  different  distances,  frequent 
determinations  and  carefulness  in  all  the  details. 


VAN    OKNUM    ON   MEXICAN    BOUNDARY   SURVEY. 


273 


The  effect  of  differential  refraction  on  the  determination  is  well 
stated  in  a  paper  by  Mr.  L.  S.  Smith,  of  the  University  of  Wisconsin, 
ami  published  by  that  University  in  its  engineering  Bulletin,  Vol.  I, 
No.  5.  Mr.  Smith  shows  from  extended  experiments  that  the  amount  of 
refraction  of  the  line  of  sight  of  the  upper  stadia  hair  usually  differs 
from  that  of  the  lower  one.  Sometimes  this  differential  refraction  in- 
creases the  intercept  and  at  other  times  diminishes  it.  Early  in 
the  morning,  during  the  summer  in  Wisconsin,  and  up  to  about  8.30 
a.  m.,  the  effect  of  refraction  on  a  stadia  reading  is  to  increase  the 
intercept,  and  so  the  distance  beyond  the  average  reading.  From 
that  time  to  about  2.30  p.  m.  the  intercept  is  less  than  the  mean,  and 
from  this  time  until  night  the  intercept  again  becomes  too  great,  as  in 
the  early  morning.     Fig.  1  shows  a  typical  case.     It  illustrates  how 


Hour  of  Day 
)    11    12     1      2 


2.004 

in. 
2.003 

m. 
2.002 

m. 
2.001 

m. 
2.000 

m. 
1.999 

m. 
1.998 

in. 
1.997 

in. 
1.996 

m- 
1.995 


1 

' 

, 

»■ 

-- 

1 

JNJ 

\ 

/[ 

1 

l\ 

/ 

1 

1 

1 

/ 

1 

/ 

/ 

S 1 

/ 

\l 

1  /I 

1 

\ 

1/  I 

z^~ 

1 

Change  in  Refraction 


o      o      o      © 


=>  ='  ©  ='  =  _-©._■©  -j  © 

>  •"•  ©  =© 


i.  m. 

\ 

\ 

1  m 

\ 

\ 

V 

Fig.  1. 


Fig.  2. 


differential  refraction,  though  slight  in  amount,  does  and  must  affect 
the  intercept.  The  curve  must  be  taken  merely  as  suggestive,  for  its 
ordinates  vary  with  the  state  of  the  atmosphere  and  ground,  tempera- 
tures, weather,  latitude  and  change  of  the  seasons.  A  variation  of 
these  conditions  appears  to  affect  the  hours  and  amounts  of  the  maxi- 
mum and  mean  distortions,  and  perhaps  the  direction  of  curvature 
itself,  while  not  changing  the  fact  that  at  certain  times  of  day  refrac- 
tion is  abnormally  great  and  at  others  abnormally  small.  This 
principle  last  expressed  is  the  one  affecting  stadia  intercepts,  and 
should  have  great  weight  in  fixing  the  proper  time  and  method  of 
interval  determination.  Mr.  Smith  also  found  that  within  1  m.  of 
the  ground  the  effect  of  refraction  is  greatly  increased,  resulting  in 
increasingly  distorted  intercepts  as  the  ground  is  approached.     Fig.  2 
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illustrates  u  typi.-al  rase  clearly,  Bhowing  the  increased  error  Bearer  the 

ground,   Which  seems  to  occur  always. 

The  stadia  interval  should,  then,  be  determined  when  the  lower 
cross-hair  does  not  come  within  'A  ft.  of  the  ground,  and  should  involve 
conditions  which  will  secure  the  average  intercept.  These  conditions 
are  so  various  and  the  amount  of  differential  refraction  at  any  time  so 
uncertain  that  it  becomes  a  necessity  to  determine  an  interval  through 
all  the  hours  of  day  which  will  constitute  the  working  hours.  Nor 
should  a  single  determination  be  accepted  as  final,  for,  with  all  care  in 
choice  of  conditions,  unusual  circumstances  or  changed  conditions 
might  be  present  to  affect  the  result.  No  one  should  plan  an  extensive 
triangulation  from  a  base  measured  only  once.  Determinations  should 
be  made  at  reasonable  intervals  of  time  with  equal  care,  the  mean  of 
which  is  much  more  likely  to  secure  average  conditions,  and  so  a 
truer  value. 

Neglect  in  regard  to  securing  average  conditions  of  refraction  have 
proved,  unwittingly,  very  troublesome  to  those  who  have  not  con- 
sidered it.  The  author  calls  to  mind  an  extensive  and  costly  topograr>hi- 
cal  survey  "where  the  interval  was  determined  from  a  single  series 
of  about  10  sights  taken  at  about  11  a.  m.,  and  used  for  several  years 
as  so  obtained.  From  Mr.  Smith's  investigations  it  is  seen  that  this 
hour  is  one  of  the  most  unfavorable  for  securing  average  conditions  of 
refraction,  and  will  introduce  error  in  the  unit  of  measure  itself.  In 
this  case  it  would  make  the  survey  distances  too  great.  This  is  in  fact 
what  did  occur,  the  engineer  in  charge  noting  the  resulting  errors 
without  aijpreciating  their  true  significance.  The  use  of  a  transit  for 
months  and  years  without  again  testing  its  interval  is  a  mistake,  both 
because  an  increased  number  of  determinations  gives  greater  reliability 
to  the  mean,  and  because  changes  in  the  cross-hairs,  though  rare,  do 
sometimes  occur.  The  author  has  the  record  of  an  interval  which 
changed  gradually,  though  not  uniformly,  more  than  2%  in  a  year. 
Engineers  should  be  sure  of  their  instruments.  In  leaving  this  sub- 
ject, the  importance  of  intelligent  and  careful  detail  should  be  em- 
phasized, as  it  is  the  basis  of  all  stadia  work. 

The  consideration  of  focal  distance  plus  distance  from  the  objective 
to  the  center  of  instrument,  /  +  c,  is  often  discussed.  By  an  optical 
law  applied  to  the  construction  of  the  transit  telescope  this  quantity, 
greater  than  1  ft.,  must  enter  to  give  correct  results.  There  is  no 
reason  why  the  law  of  optics  and  sound  theory  should  be  disregarded, 
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and  it  is  the  usual  custom  either  to  add  /  +  c  to  the  sight  or  to  so 
determine  the  interval  factor  that  by  omitting  this  /  -\-  c  distance  from 
the  base  measurement,  the  f  -\-  c  is  eliminated  for  a  mean  distance. 
This  latter  procedure,  however,  gives  erroneous  readings  for  distances 
greater  or  less  than  the  mean  length  of  sight  fixed  upon,  and  therefore 
should  not  be  used  for  the  more  accurate  stadia  work. 

The  author  believes  that  the  best  practice  (in  the  interval  determina- 
tion) is  for  the  transit  to  be  set  at  a  distance  equal  to  f  -f-  c  back  from 
the  beginning  of  the  base  and  then  to  add  /  4-  c  to  each  distance  read. 
By  using  /  4-  c  in  this  straightforward  way,  an  increased  accuracy  is 
given  to  all  the  work,  and  especially  to  the  measurement  of  compara- 
tively short  distances,  where  the  ratio  of  error  is  at  best  always  great- 
est and  where  there  is  need  of  care.  An  exception  to  either  of  these 
usages  occurs  in  the  article  in  the  Journal  of  Association  of  Engineer- 
ing Societies,  January,  1893,  on  the  survey  of  St.  Louis,  the  writer  of 
which  advocated  the  determination  of  the  interval  in  such  a  way  that 
f  -f-  c  entered  into  the  base  measurement  and  then  in  practice  ignored 
that  quantity.  The  stated  reasons  for  neglecting  /  -f-  c  was  that  in 
the  computation  of  the  lines  that  writer  found  the  distances  were 
almost  invariably  read  too  great.  However,  this  is  not  a  necessary 
error  of  stadia  work.  Other  surveys  do  not  find  these  constant  cumu- 
lative plus  errors  in  distance  ;  the  tables  of  distances  given  previously 
in  this  article  happen  to  have  a  greater  aggregate  length  of  line  where 
the  stadia  distance  was  read  too  short  than  the  total  in  which  it  was 
read  too  long.  It  seems  that  this  illustrates  again  that  it  is  bad  prac- 
tice to  ignore  sound  principle.  If  an  explanation  of  these  constant 
plus  errors  of  the  St.  Louis  survey  is  sought,  it  will  be  found  to  occur, 
not  as  a  retribution  for  not  juggling  with/  -f  c,  but  in  the  probability 
that  the  determination  of  the  stadia  interval  itself  was  made  in  such  a 
way  or  at  such  a  time  that  refraction  crept  in  as  the  disturbing  element. 

To  have  the  stadia  rod  divided  into  true  unit  lengths  instead  of 
into  approximate  units  to  fit  its  particular  transit  is  desirable  for  many 
reasons.  It  makes  impossible  any  error  due  to  an  accidental  inter- 
change of  stadia  rods  among  transits  ;  any  stadia  rod  not  especially 
constructed  for  the  particular  transit  may  be  used  in  case  of  emergency 
or  desirability,  viz. ,  level  rods  may  be  used  for  stadia  readings  when- 
ever desirable,  as  advocated  by  J.  B.  Johnson,  M.  Am.  Soc.  0.  E.,  for 
stadia  railroad  preliminary  surveys,  and  by  Mr.  Benjamin  S.  Lyman;  the 
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Btadia  rods  may  be  used  for  level  rods  or  lor  any  direcl  measurement 
wl.cn  desired  ;  or  Btadia  rods  and  Btadiamei]  may  be  transferred  from 

<mi  i>art\  bo  another  where  conditions  require,  .iiid  no  error  results, 
Two  considerations  already  mentioned  make  tins  division  into  true 
units  almost  a  necessity  ;  the  one  that  the  distance  above  the  stake 
at  which  the  middle  hair  stands  when  the  vertical  angle  is  measured 
may  be  read  in  true  linear  distance  ;  and  the  second,  that  error  in  the 
stadia  interval,  occurring  either  from  a  change  in  the  cross-hairs  or  from 
a  subsequent  determination  indicating  that  previous  determinating 
have  not  developed  the  exact  and  true  factor,  may  be  corrected  with- 
out the  complete  change  of  the  stadia  rod  divisions,  which  would,  at 
best,  consume  several  days  of  delay  and  careful  work,  and  might  be 
impracticable. 


Stadia. 

Distance. 

Stadia. 

Distance. 

Stadia. 

Distance. 

.001 

.10 

0.6 

64.10 

2.8 

294.66 

.002 

.21 

0.7 

74  58 

2.9 

305.14 

.003 

.31 

0.8 

85.06 

3.0 

315.62 

.004 

.42 

0.9 

95.54 

3.1 

326.10 

.005 

.52 

1.0 

106.02 

3.2 

336.58 

.006 

.63 

1.1 

116.50 

3.3 

347.06 

.007     , 

.73 

1.2 

126.98 

3.4 

357.54 

.008 

.84 

1.3 

137.46 

3.5 

368.02 

.009 

.94 

1.4 

147.94 

3.6 

378.5!) 

.01 

1.05 

1.5 

158.42 

3.7 

388.98 

.02 

2.10 

1.6 

168  90 

3.8 

399.46 

.03 

3.14 

1.7 

179.38 

3.9 

409.94 

.04 

4.19 

1.8 

189  86 

4.0 

420.42 

.05 

5.24 

1.9 

200.34 

4.1 

430.90 

.06 

6.29 

2.0 

210.82 

4.2 

441.38 

.07 

7.34 

2.1 

221.30 

4.3 

451.86 

.08 

8.38 

2.2 

231.78 

4.4 

462.34 

.09 

9.43 

2.3 

242.26 

4.5 

472.82 

0.1 

11.70 

2.4 

252.74 

4.6 

483.30 

0.2 

22.18 

2.5 

263.22 

4.7 

493.78 

0.3 

32.66 

2.6 

273.70 

4.8 

504.26 

0.4 

43.14 

2.7 

284.18 

4.9 

514.74 

0.5 

53.62 

The  division  of  the  stadia  rod  to  fit  the  transit  is  widely  used  and 
advocated.  The  reason  for  this  is  found  in  the  fact  that  the  observa- 
tion gives  the  distance  if  f-\-  c  is  disregarded  in  the  interval  determina- 
tion ;  or  it  gives  the  true  distance  by  the  single  addition  of  /  +  c  to 
the  reading  where  the  interval  is  correspondingly  determined  ;  while  a 
true  unit  division  is  supposed  to  involve  for  each  sight  a  complex 
reduction,  taking  both  time  and  care.  For  example,  if  a  transit  has  the 
stadia  hairs  so  spaced  that  at  a  distance  of  100  ft.  the  intercept  is  0.9542 
ft.,  or,  in  other  words,  its  interval  factor  is  0.009542,  it  is  generally  sup- 
posed necessary  to  divide  each  reading  taken  on  a  true  unit  stadia  rod 
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ing  tabular  distance  is 


-f-  1.22.     Similar  compu- 


0.009542 

tation  is  also  made  for  distances  from  0.01  to  0.09,  differ- 
ing from  each  other  by  0.01,  and  for  distances  from  0.001 
to  0.009,  differing  from  each  other  by  0.001,  in  a  way 
exactly  similar  to  the  above,  except  that  /  +  c  is  not 
added.  Then  the  true  distance  corresponding  to  any 
stadia  rod  reading  is  found  by  a  simple  addition  of  quanti- 
ties taken  from  the  table.  Thus,  if  the  reading  is  2.67, 
the  true  distance  is  273.70,  opposite  2.6,  plus  7.34,  opposite 
0.07,  which  equals  281.04. 

If  a  slide  rule  is  accessible,  each  stadia  rod  reading 
can  be  divided  by  the  interval  factor  and  the  correspond- 
ing true  distance  read  from  it,  to  which/  +  c  must  be 
added;  but  this  would  involve  more  work  than  the  use 
of  a  table.  The  table  itself  can  be  formed  in  half  an  hour 
by  the  aid  of  the  slide  rule,  or  in  two  or  three  hours 
without.  By  using  such  a  table  there  occurs  no  more 
computation  than  is  necessary  when  the  rods  are  not 
divided  into  true  units,  and  it  permits  all  the  advantages 
previously  given  for  the  correctly  divided  rod  without 
occasioning  any  disadvantage. 

The  design  of  stadia  rod  used  on  the  boundary  survey 
is  the  metric  one  given  in  Fig.  3.  The  stadia  rod  with 
the  foot  divisions  (Fig.  4)  has  been  extensively  used  by 
the  author  on   internal  improvements  and  surveys.     In 


by  0.009542,  and  then  add  /  +  c,  entailing  a  great  amount  of  work. 
However,  that  supposition  is  not  true.  On  the  boundary  survey,  Mr. 
P.  D.  Cunningham  devised  a  method  whereby  the  true  dis- 
tance is  derived  with  no  more  computation  than  is  neces- 
sary when  the  untrue  unit  division  of  the  stadia  rod  is  made. 
The  method  is,  in  brief,  as  follows  :  A  table  is  made  (illus- 
trated on  the  opposite  page  for  the  shorter  distances  with 
an  interval  factor  of  0.009542  and  a  value  of  /  -J-  c=  1.22) 
giving  readings  for  all  distances  from  0. 1  up  to  the  long- 
est, in  increments  of  0. 1.  These  are  computed  by  divid- 
ing each  distance  wanted  by  the  interval  factor,  and 
adding /+  c,  viz.,  for  a  rod  reading  of  3.4  the  correspond- 
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i»  )th  FigB.  •">  ;m»l  4,  the  hatohed  divisions  represent  red  divisions  on 
the  rod.  It  is  the  general  opinion  that  stadia  rods  should  combine 
simplicity,  clearness,  distinctive  divisions  and  subdivisions,  and  effi- 
ciency in  indicating  the  shorter  distances  very  accurately 
and  in  giving  great  distances  readily.  Those  illustrated 
were  designed  with  these  characteristics  in  view,  and 
their  use  confirmed  their  expected  utility.  With  an 
erecting  telescope  at  a  distance  of  250  m. ,  the  centimeter 
divisions  could  be  seen  and  spaced  by  the  eye  into  milli- 
meter readings,  while  the  decimeter  divisions  could  be 
seen  at  a  distance  of  700  or  800  m.,  and  correspondingly 
spaced  into  centimeters. 

On  one  portion  of  the  boundary  more  than  100  miles 
intervened  between  two  successive  points  as  marked  in 
1855.  The  line  of  sight  between  these  points  was  ob- 
structed by  two  mountain  ranges,  one  45  miles  and  the 
other  60  miles  distant,  and  it  became  necessary  to  estab- 
lish a  station  on  the  connecting  line  on  the  nearer  range. 
This  preliminary  work  was  accomplished  by  successive  ap- 
proximations. Heliotropes  were  shown  at  the  boundary 
points  and  a  transit  and  a  heliotrope  were  placed  on  each 
of  the  ranges.  On  one  range  a  trial  point  was  assumed 
and  the  transit  on  the  other  range  lined  in  between  it  and 
the  adjacent  boundary  heliotrope.  When  this  was  accom- 
plished the  transit  was  replaced  by  a  heliotrope  and  the 
transitman  on  the  first  range  lined  in  between  that  helio- 
trope and  the  boundary  heliotrope  adjacent  to  him. 
Repeating  this  operation  time  after  time,  a  station  was 
finally  established  on  the  nearer  range.  When  on  the 
regular  survey  this  line  so  determined  was  prolonged 
with  a  theodolite  and  with  all  care,  it  was  found  that  the 
established  point  was  0.87  m.  from  the  true  line,  or  had 
an  angular  error  of  2.45.  So  close  a  result  was  excep- 
tional, but  it  is  given  as  indicating  the  reliability  of 
ordinary  transits  and  heliotropes  when  used  with  care 
and  skill. 

Such,  then,  are  the  methods,  results  and  conclusions 
of   this  survey.     They  occurred  under  adverse  circum- 
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stances  necessitating  boldness  in  length  of  sight,  vertical  angle,  and 
in  general  details.  Interpreted  in  this  light,  they  indicate  the  results 
of  probably  extreme  conditions,  certainly  not  average  ones.  Its  use 
and  usefulness  make  the  stadia  system  so  extensively  employed  in  con- 
tinental Europe  on  topography  and  on  surveys  for  railroads,  canals 
and  other  public  works  deserve  all  the  growing  attention  it  is  receiving, 
and  more.  In  general  economy,  adaptability  and  efficiency  it  is  un- 
equaled. 


DISCUSSION. 


F.  V.  Abbot,  M.  Am.  Soc.  C.  E. — The  rivers  in  South  Carolina  are  Mr.  Abbot, 
commonly  bounded  on  both  sides  by  extensive  cypress  swamps,  and  it 
is  generally  impossible  to  set  up  an  instrument  anywhere  on  the  banks, 
which  are  overhung  with  brush.  The  mud  is  of  indefinite  depth.  The 
speaker  had  a  number  of  surveys  made  of  these  streams,  using  the 
stadia  method  and  employing  two  boats.  The  transit  was  lashed  firmly 
in  the  bow  of  one  boat,  so  that  it  would  not  fall  overboard.  The  men 
in  the  second  boat  tied  a  piece  of  cloth  on  a  tree  overhanging  the  water 
on  the  opposite  side  of  the  river  and  as  far  down  stream  as  they  could 
be  seen  from  the  transit  boat,  and  held  up  a  stadia  rod  directly  against 
the  rag.  The  rod  was  then  read  and  the  magnetic  reading  also  taken 
from  the  transit  boat,  which  then  went  down  stream  past  the  rod  boat 
as  far  as  it  could  and  still  secure  a  sight  of  the  tree.  From  this  new 
position  a  stadia  reading  and  the  magnetic  bearing  were  taken  of  the 
rod  held  in  the  second  boat  at  the  rag.  The  rod  boat  then  went  down 
the  river  as  far  past  the  position  occupied  by  the  transit  boat  as  it 
could  be  seen,  and  the  distance  and  magnetic  direction  were  read  again. 
The  transit  boat  was  always  on  the  left  bank,  and  the  rod  boat  on  the 
right  bank  of  the  river.  By  repeating  this  process,  it  was  possible  to 
secure  a  very  fair  map  of  such  a  river,  obtaining  its  width  and  length 
with  more  accuracy  than  in  any  other  way  with  which  the  speaker  was 
acquainted.  Three  men  in  each  boat  can  survey  30  miles  of  river  a 
day  (down  stream)  without  any  great  trouble  if  no  soundings  are  made. 

W.  L.  Webb,  Assoc.  M.  Am.  Soc.  C.  E. — In  using  the  stadia  to  measure  Mr.  Webb, 
distances  between  stations,  the  speaker  had  adopted  a  method  of  reduc- 
ing the  error  in  reading  the  rod  with  the  upper  and  lower  cross  wires. 
After  the  reading  with  the  three  wires  is  taken,  the  tangent  screw  of 
the  vertical  motion  is  turned  very  slightly,  just  enough  to  give  differ- 
ent readings.  Theoretically  a  change  in  the  vertical  angle  will  pro- 
duce a  slight  difference  in  the  length  of  rod  subtending  the  wire 
interval,   but   practically   the   difference  is   very  small   and   may   be 
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Mr.  Webb,  neglected.  For  example,  with  a  vertical  angle  of  10°  and  a  distance  of 
I  000  ft.,  t  he  vertical  angle  would  have  to  be  changed  10'  in  arc  to  make 
a  difference  of  1  t'l.  in  the  apparent  horizontal  distance  and  10' of  arc 
in  1  000  ft.  would  mean  a  movement  of  2.9  ft.  of  the  wire  over  the  rod. 
Entirely  different  readings  are  thus  obtained  and  there  is  no  tendency 
to  repeat  involuntarily  an  error  made  in  the  first  set  of  observations. 
Any  number  of  sets  of  readings  may  be  taken  in  this  manner,  and  the 
average  w  ill  be  much  more  reliable,  especially  for  long  sights,  than  a 
duplicate  reading  of  the  rod  without  any  change  in  the  vertical  adjust- 
ment of  the  telescope. 


CORRESPONDENCE. 


Mr.  Allen.  Kenneth  Allen,  M.  Am.  Soc.  C.  E. — The  prevailing  opinion  regard- 
ing the  use  of  the  stadia  has  been  heretofore  that,  at  best,  it  would 
answer  as  a  rough  expedient,  comparable  rather  to  pacing  than  to  chain- 
ing as  regards  accuracy.  Among  those  familiar  with  its  nse,  however, 
its  great  value  has  been  recognized  and  its  adoption  advocated  where 
single  errors  of  -g-^o  to  — oVo  would  be  allowable.  The  details  of  the 
work  may  vary  greatly,  bnt  from  a  considerable  experience  the  writer 
wishes  to  emphasize  his  approval  of  two  of  the  author's  recommenda- 
tions. 

First — The  rod  should  be  divided  to  true  units,  feet  or  meters,  and 
decimals.  Beside  the  reasons  given  in  the  paper,  the  writer  has  found 
it  preferable  to  take  the  levels  directly  when  practicable  instead  of  by 
the  vertical  arc,  which  can  only  be  done  by  means  of  such  rods.  If  no 
means  are  at  hand  to  provide  a  special  rod  a  Philadelphia  level  rod  will 
answer  nearly  as  well  for  distances  nnder  1  000  ft.  in  length. 

Second. — Stadia  hairs  should  be  adjusted  with/-f-  c  added  to  the 
distance,  and  this  amount  added  to  all  observed  distances.  This  does 
away  with  the  use  of  calculations  or  tables,  and,  so  far  as  it  goes,  is 
correct. 

But  some  rather  recent  surveys,  including  that  described  by  the 
author,  indicate  that  the  stadia  maybe  used  for  work  of  a  much  higher 
grade  by  making  due  allowance  for  refraction.  The  writer  would  also 
recommend  for  this  purpose  telescopes  of  higher  magnifying  power 
than  those  in  ordinary  use.  The  very  great  rapidity  and  economy  at- 
tained by  the  use  of  the  stadia  make  every  increase  in  its  adaptability 
a  matter  of  importance,  and  the  writer  believes  such  an  increase  to  fol- 
low from  the  carefully  conducted  investigations  of  the  survey  described. 

The  aneroid  is  believed  to  be  deserving  rather  more  credit  than 
would  follow  from  its  use  on  this  survey.  The  climatic  conditions 
may  have  been  peculiarly  unfavorable.  Large  individual  errors  may 
occur  under  the  most  favorable  circumstances,  but  with  the  precau- 
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tion  of  using  several  instruments  and  making  the  proper  reductions,  Mr.  Allen, 
the  writer  is  surprised  at  the  discrepancies  found.  It  has  been  his 
practice  to  use  several  aneroids  as  checks  on  one  another,  but  the  fol- 
lowing errors,  determined  some  four  years  ago  in  western  Pennsylvania 
from  observations  at  points  of  known  elevation,  were  (with  the  excep- 
tions noted)  from  the  mean  of  two  observations  taken  with  a  single 
aneroid.  The  extreme  range  of  elevations  being  comprised  between 
865  and  1  339  ft.  above  sea  level,  the  results  are  of  course  not  compar- 
able to  mountain  work,  but  serve  as  a  sample  of  the  accuracy  of  such 
determinations  in  ordinary  hilly  country. 

Station...       12        3  4  5 

0*  —13     +6    -17*    +2^ 

Station...     16        17      18        19        20 
+36*  +10     +5     +32     +19 

William  B.  Landeeth,  M.  Am.  Soc.  C.  E. — The  paper  calls  to  the  Mr.  Landreth. 
writer's  mind  some  work  done  on  a  stadia  survey  in  the  states  of  Sina- 
loa  and  Durango,  Mexico,  in  1881  and  1882,  by  H.  M.  Wilson,  M.  Am. 
Soc.  C.  E.,  and  the  writer. 

Edward  P.  North,  M.  Am.  Soc.  C.  E.,  then  chief  engineer  of  the 
Ferro  Carril  Sinaloa  y  Durango,  in  looking  up  the  matter  of  a  possi- 
ble railroad  route  from  the  Pacific  coast,  at  Altata,  Alex.,  to  the  city  of 
Durango,  found  that  there  were  no  reliable  surveys  or  maps  of  the 
country  between  those  places,  and  to  obtain  some  information  thereon, 
decided  to  have  a  survey  made  of  the  principal  mountain  trails  be- 
tween them.  As  the  examination  was  to  be  of  the  nature  of  a  recon- 
naissance, it  was  deemed  advisable  to  use  the  stadia  to  reduce  the  cost 
and  time  of  making  the  survey.  Two  routes  were  to  be  taken  from 
Culiacan ;  a  southern  one,  passing  through  the  towns  and  villages  of 
Las  Tapias,  Santa  Cruz,  Las  Vegas,  Cosala  and  Vivorillias  to  Durango; 
and  a  northern  one,  returning  from  that  city  through  Canitlan,  Guati- 
mape,  Santiago,  Santa  Catalina  and  Canelas  to  Culiacan.  The  two 
routes  chosen  were  those  followed  by  pack  trains  crossing  the  moun- 
tains, and  would  give  a  closed  survey,  affording  a  means  of  approxi- 
mately checking  the  accuracy  of  the  work. 

Each  party  consisted  of  an  engineer,  who  acted  as  transitman,  and 
native  rodmen,  stake  drivers,  machete  men  for  cutting  brush,  and  a 
mule  driver.  Mules  were  used  for  carrying  the  provisions  and  clothes 
of  the  party,  and  no  tents  or  outfits  for  permanent  camps  were  provided, 
owing  to  the  rapidity  necessary  in  the  work.  A  party  in  charge  of  the 
writer  started  on  the  southern  route  early  in  October,  1881,  from  the 
city  of  Culiacan,  with  instructions  to  follow  the  trails  generally  taken 
by  pack  trains  between  the  villages,  and  to  report  progress  whenever 
possible,  by  means  of  travelers  or  mule  trains  met  on  the  road. 

The  transits  used  were  made  by  Messrs.  Heller  and  Brightly,  with 

*  From  single  observations. 
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Mr.  Landi vtii.  stadia  hairs  set  to  cover  1  ft.  between  upper  and  lower  hairs  on  a  Troy 
Leveling  rod  when  set  KM)  ft.  plus  a  OOnstanl  distance  from  the  instru- 
ment. The  constant  ad < led  was  frequently  checked,  but  it  was  found 
that  fche  stadia  hairs  needed  Little  adjusting. 

The  rod  man,  accompanied  by  an  experienced  Indian  stakeman,  set 
wooden  hubs  in  the  angles  of  the  trail,  and  after  the  readings  were 
taken,  left  a  small  peeled  sapling  with  a  piece  of  white  paper  attached 
near  the  hub,  so  that  the  transitman  could  easily  find  it  on  coming  up  ; 
he  then  went  ahead  to  locate  the  next  one.  The  transitman  set  up  over 
the  hub,  turned  back  on  the  sapling  at  the  last  hub  for  a  backsight, 
took  the  readings,  placed  the  sapling  behind  the  hub,  and  went  on  to 
the  next  one.  This  method  dispensed  with  the  services  of  a  rear  flag- 
man, and  it  was  determined  by  experiment,  before  adopting  it,  that 
none  of  the  accuracy  of  the  work  was  sacrificed  by  so  doing.  The 
readings  included  the  angle  of  total  deflection  from  a  base  line  in  Cul- 
iacan,  magnetic  bearing,  reading  of  upper,  middle  and  lower  cross 
hairs,  foresight  with  level  when  possible,  vertical  angle,  a  measurement 
of  the  height  of  the  instrument  from  hub  with  tape,  and  aneroid  and 
thermometer  readings. 

From  Culiacan  to  Cosala  the  route  lay  among  small  foothills  and 
crossed  the  valleys  of  one  large  and  several  small  streams,  and  the 
thick  underbrush  made  the  progress  slow.  Soon  after  leaving  Cosala, 
the  narrow,  rocky  gorge  of  the  San  Lorenzo  River  was  entered,  and  fol- 
lowed for  40  miles  to  the  Sierra  Mad  re  Mountains  at  Vivorillias,  where 
the  trail  rose  6  000  ft.  in  about  10  miles,  to  an  elevation  above  the  sea 
of  11  000  ft.  From  the  summit  a  descent  was  made  into  long  moun- 
tain valleys,  which  were  followed  for  about  120  miles  to  the  city  of 
Durango.  Durango  is  a  place  of  about  30  000  inhabitants,  lying  in  a 
wide  plain  at  an  elevation  of  8  000  ft.  above  the  sea.  After  a  week's 
rest  at  Durango,  writing  a  report  of  the  trip,  repairing  the  camp  out- 
fit, and  giving  the  pack  animals  a  chance  to  recover  flesh  and  vitality, 
a  start  was  made  on  the  northern  route  December  26th.  For  the  first 
120  miles,  to  Santa  Catarina,  the  route  was  through  wide  plains  and 
open  valleys,  passing  several  populous  towns  and  villages.  This  jDor- 
tion  was  well  adapted  to  fast  work,  and  15  miles  per  day  was  averaged 
for  several  days. 

In  accordance  with  orders  by  wire  from  Mr.  North,  received  while 
in  Durango,  the  writer  waited  at  Santa  Catarina  for  Mr.  Wilson's 
party,  which  had  left  Culiacan  later  and  had  taken  the  northern  route. 
Mr.  Wilson  soon  arrived,  the  lines  were  joined,  and  the  return  on 
horseback  to  Culiacan  commenced.  Mr.  Wilson  intended  to  examine 
the  head  waters  of  the  Humaya  River,  but  the  total  absence  of  trails 
and  the  fact  that  all  of  the  pack  and  saddle  animals  were  so  feeble 
from  the  effects  of  cold  and  snow  that  they  could  scarcely  carry  a  load 
on  a  good,  well-beaten    trail,  caused  him  to  abandon  that  project  and 
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return  by  the  route  of  his  survey  with   the  writer.      Heavy  rain  and  Mr.  Landretli. 
snow  storms  were  encountered,  and  progress  was  slow,  as  it  was  neces- 
sai*y  to  wait   for   several   streams   to   subside  before  they  could  be 
forded. 

The  writer  is  of  the  impression  that  the  circuit  covered  was  606 
miles,  that  the  latitudes  and  departures  when  calculated  closed  within 
1  100  ft.,  and  that  the  total  cost  of  the  survey  was  about  $3  per  mile. 

As  the  survey  started  nearly  at  the  sea  level,  crossed  over  mountain 
passes  at  an  elevation  of  upwards  of  11  000  ft. ,  was  through  rough, 
broken  country  as  well  as  level  plains,  and  through  tropic  heat  and 
winter's  snow  and  ice,  it  furnishes  an  example  of  the  adaptability  of 
the  stadia  to  such  work. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — This  paper  is  another  endorse-  Mr.  Johnson, 
ment  of  the  stadia  method  of  surveying,  which  also  adds  materially  to 
the  advance  of  the  system.  The  fact  that  the  stadia  method  was 
found  by  actual  trial  in  easy  country  to  be  more  accurate  than 
chaining,  even  after  the  correction  of  several  large  errors  caused  by  a 
miscount  of  the  number  of  chains,  is  very  significant.  This  has  often 
been  claimed  by  the  advocates  of  this  method,  but  probably  never  be- 
fore proved  so  directly  by  actual  trial. 

Another  significant  contribution  to  the  literature  and  also  to  the 
practice  of  this  method  is  the  evidence  produced  of  the  importance  of 
the  time  and  method  of  determining  the  value  of  the  wire  interval,  or 
of  graduating  the  stadia  rod.  This  matter  has  never  before  been 
clearly  understood.  Mr.  L.  S.  Smith  has  rendered  the  users  of  the 
method  a  good  service  in  his  investigations  in  differential  refraction,  in 
showing  the  importance  of  choosing  average  conditions  for  standard- 
izing the  instruments. 

The  author's  methods  of  work  are  to  be  commended  for  their  accu- 
racy, but  they  require  greater  labor  of  reduction  than  the  ordinary 
methods.  Thus  it  is  common  to  read  the  distances  directly  from  the 
rod,  specially  graduated  for  that  purpose,  and  to  read  the  middle  wire 
to  the  "  H.  I."  mark  on  the  rod  for  vertical  angle.  These  methods 
have  been  found  satisfactory  in  general,  and  will  probably  continue  to 
be  used.  The  most  important  errors  in  the  ordinary  practice  are  a  fail- 
ure to  graduate  the  rod  for  many  readings  taken  under  all  sorts  of 
atmospheric  conditions,  and  reading  the  bottom  wire  too  near  the 
ground. 

By  far  the  most  rapid  and  accurate  method  of  reducing  stadia  notes 
for  differences  of  elevation  is  by  means  of  the  Colby  slide  rule,  which 
is  specially  constructed  for  this  purpose.  By  using  this  the  differences 
of  elevation  can  be  taken  out  as  rapidly  as  the  notes  can  be  called  off 
and  the  results  written  down  by  the  assistant.  This  rule  is  equally 
adapted  to  all  units  or  combination  of  units,  giving  elevations  in  feet 
for  distances  in  yards  or  meters,  or  vice  versa,  as  readily  as  though  all 
were  in  the  same  unit  of  measure. 
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Boription  Illustrates  fche  adaptability  of  the  stadia  in  another  <li- 
reotion,  to  overoome  difficulties.  It  is  most  useful  in  hydrographio 
surveys.  The  anthor  has  made  nee  of  the  stadia  on  surreys  of  differ- 
ent rivers  for  locating  the  banks,  and  also  for  locating  soundings 
varying  in  extent  from  channel  depths  to  a  complete  gridiron  of  lines 
covering  the  whole  river.* 

Concerning  Professor  Webb's  suggestion  of  increasing  the  accuracy 
of  readings,  the  author  would  state  that  his  own  method  has  always 
been  to  read  the  intercept  between  the  stadia  hairs  instead  of  the 
reading  of  the  three  cross-hairs  themselves.  This  method  reduces  the 
readings  in  the  field  from  three  to  one  and  saves  the  subsequent  re- 
duction to  intercept.  The  author's  experience  has  been  that  there  is 
little  need  of  the  verification  secured  by  reading  each  of  the  three 
cross-hairs,  and  time  and  effort  are  saved.  Furthermore,  in  some 
cases  reading  the  three  cross-hairs  instead  of  observing  directly  the 
intercept  would  bar  the  use  of  the  stadia  entirely  on  account  of  the 
greater  deliberation  necessary  ;  in  locating  soundings,  for  example,  it 
is  often  necessary  to  make  the  distance  reading  in  one  or  two  seconds. 

Undoubtedly  the  discrepancies  in  the  barometer  work  given  in  the 
paper  are  surprisingly  large,  and  yet  with  such  erroneous  results 
occurring  in  the  hundredth  case,  despite  the  care  used,  it  would  seem 
that  complete  and  entire  reliance  cannot  be  placed  on  barometer 
elevations  until  verified  by  other  and  accurate  means. 

Many  engineers  question  the  advisability  of  using  adjustable  stadia 
hairs,  as  mentioned  by  Messrs.  Allen  and  Landreth.  There  is  certainly 
a  chance  of  their  changing  their  position,  and  if  this  should  occur 
there  would  be  introduced  a  corresponding  error  in  all  the  work. 

The  author  is  inclined  to  think  that  Professor  Johnson  overesti- 
mates the  extra  labor  involved  in  using  the  methods  described  in  the 
paper.  While  wishing  to  be  understood  as  not  attacking  the  usual 
methods  of  specially  graduating  the  stadia  rods  for  each  particular 
transit  and  of  reading  the  vertical  angle  to  the  "HI"  mark  on  the 
rod  (methods  which  have  proved  very  serviceable  and  generally 
accurate  enough),  he  believes  the  methods  given  in  the  paper  offer 
advantages  for  any  survey,  and  in  difficult  work  become  a  real  neces- 
sity in  eliminating  errors  that  should  hardly  be  allowed,  viz.,  at  a 
distance  of  1  000  ft.,  with  the  usual  stadia  rod  the  intercept  would 
cover  so  much  of  the  rod  that  in  changing  the  telescope  to  read  the 
vertical  angle  to  the  "HI"  point  probably  3  ft.  would  be  passed 
over  in  the  movement.  This,  for  a  vertical  angle  of  20°  would  intro- 
duce an  error  of  2.25  ft.  into  the  horizontal  and  of  1.95  ft.  into  the 
vertical  component.  Severe  conditions  may  not  often  occur,  but  when 
encountered  they  may  be  overcome  without  a  sacrifice  of  accuracy. 

*  See  the  Journal  of  the  Associatiou  of  Engineering  Societies,  Vol.  XIV,  No.  3. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


T  R^NS^CTIOiSrS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 

in  any  of  its  publications. 


763. 

Vol.  XXXIV.— October,  1895. 


THE     PHYSICAL     QUALITIES     OF    ACID     OPEN 
HEARTH  NICKEL  STEEL,  AS  COMPARED 
WITH  CARBON  STEEL  OF  SIMILAR 
TENSILE  STRENGTH. 


By  H.  H.  Campbell.  M.  Am.  Soc.  C.  E. 
Kead  at  the  Annual  Convention,  June,  1895. 


The  strength  of  a  bridge  of  a  given  weight  and  design,  the  weight 
of  a  bridge  of  a  given  strength  and  design,  and  the  longest  span  pos- 
sible under  a  given  design,  are  all  limited  by  the  elastic  strength  of 
the  material  used.  These  well-understood  axioms  point  naturally  to 
the  use  of  steel  possessing  a  high  elastic  limit,  but  this  tendency  is  op- 
posed by  the  no  less  well-known  fact  that,  as  the  elastic  strength  of 
steel  is  increased  by  ordinary  strengthening  influences,  there  is  a  re- 
duction either  in  the  static  or  the  shock  ductility.  It  is  true  that  an 
increase  in  brittleness  under  shock  is  not  alwavs   shown  bv  the  ordi- 
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nan  system  of  tests,  but  broad  griMTalizal  ions  from  general  experience 
have  led  engineers  to  avoid  metal  of  high  strength.  Within  re.-mit 
years  certain  experiments  by  the  United  States  Government  upon 
armor  plate  have  proved  quite  conclusively  that  an  alloy  of  nickel 
with  steel  will  give  a  metal  possessing  a  high  ultimate  and  elastic 
strength  with  an  excej)tional  toughness.  Moreover  these  experiments 
seem  to  show  that  the  metal  is  pre-eminently  fitted  to  withstand  the 
effects  of  sudden  shock. 

The  manufacture  of  nickel  steel  is  attended  by  a  considerably  in- 
creased cost,  arising  from  the  cost  of  the  nickel  itself,  which,  although 
quoted  at  the  lowest  price  that  has  ever  been  known,  is  now  sold  at 
35  cents  per  pound.  Inasmuch  as  the  steel  should  contain  about  3% 
of  this  element,  it  is  easy  to  see  that  the  cost,  under  the  present  con- 
ditions of  nickel  production,  must  prohibit  the  use  of  the  new  alloy 
for  ordinary  purposes.  It  has  probably  occurred  to  many  engineers, 
however,  that  under  certain  circumstances,  as  in  the  construction  of 
long-span  bridges,  the  extra  cost  per  pound  might  be  much  more  than 
counterbalanced  by  the  diminution  in  the  weight,  particularly  of  the 
tension  members. 

Before  venturing  to  use  such  a  new  material,  the  conservative  engi- 
neer would  ask  for  some  definite  information  on  its  physical  qualities 
when  rolled  into  plates,  angles  and  rods,  under  the  conditions  of  every- 
day practice.  To  furnish  this  information  the  Pennsylvania  Steel 
Company  has  made  a  heat  of  nickel  steel,  and  has  rolled  it  into  com- 
mon structural  shapes,  the  results  being  herewith  presented.  It  has 
also  made  similar  shapes  of  low  phosphorus  acid  open-hearth  steel 
without  nickel.  These  two  kinds  of  steel  were  rolled  in  the  same  mills, 
and  were  tested  in  the  same  machines  and  by  the  same  operator,  so 
that  the  results  are  fairly  comparable.  In  order  that  such  an  investi- 
gation should  be  conclusive,  it  would  be  necessary  to  make  a  large 
number  of  heats  and  several  tests  from  each  heat,  but  that  is  almost 
out  of  the  question  in  the  case  of  the  nickel  steel  on  account  of  the  ex- 
pense involved  and  the  fact  that  there  is  no  present  market  for  the 
product.     On  this  account  only  4  tons  of  metal  were  made. 

Two  ingots  were  cast  of  the  nickel  steel,  one  of  which  had  a  cross- 
section  of  18x20  ins.,  and  the  other  16  x  20  ins.  The  larger  ingot 
was  rolled  into  four  slabs  with  a  cross-section  of  16  x  5  ins.,  and  two 
of  these  were  rolled  in  the  universal  mill  of  the  Central  Iron  Works, 
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Harrisburg.  Pa.,  and  two  were  rolled  in  the  plate  mill  of  the  Paxton 
Rolling  Mills,  Harrisbnrg,  Pa.  Both  mills  made  one  j-in.  plate  and 
one  J -in.  plate.  The  amount  of  reduction  on  these  slabs  from  the 
ingot  was  not  as  great  as  might  be  desired,  and  it  would  have  been 
better  if  a  larger  ingot  and  a  thicker  slab  had  been  used;  but,  as  the 
whole  charge  weighed  only  4  tons,  a  larger  ingot  was  out  of  the  ques- 
tion. The  smaller  ingot  was  rolled  partly  into  blooms  and  partly  into 
billets.  The  blooms  were  rolled  by  the  Pennsylvania  Steel  Company 
into  angles  of  different  sizes,  while  the  billets  were  rolled  into  rivet 
rods  at  the  same  works. 

The  rods,  angles  and  plates  of  the  high  steel  containing  no  nickel, 
which  is  called  "hard  forging  steel  "  in  the  tables,  were  rolled  from 
such  blooms  and  slabs  as  happened  to  be  on  hand  at  the  time,  and 
hence  were  from  different  charges.  They  were  made  from  ingots  vary- 
ing in  cross-section  from  16  x  20  ins.  to  24  x  32  ins. 

There  are  also  given  the  results  obtained  on  a  lot  of  steel  which  was 
used  for  the  construction  of  the  massive  gates  now  being  placed  in  the 
Cascade  Canal  locks  on  the  Columbia  River,  in  Oregon.  There  are 
four  of  these  gates,  each  consisting  of  two  leaves,  each  leaf  being  51  ft. 
wide  and  from  37  to  55  ft.  deep.  The  steel  was  made  by  the  Pennsyl- 
vania Steel  Company,  while  the  gates  were  built  by  the  Maryland  Steel 
Company.  The  fact  that  the  metal  was  of  unusual  strength  will  render 
the  figures  valuable  for  comparison.  The  specifications  required  that 
one  piece  of  an  angle  should  open  out  flat,  while  another  piece  should 
close  shut  without  fracture.  In  the  case  of  plates,  a  strip  was  to  bend 
double  around  a  curve  whose  radius  was  equal  to  If  times  the  thick- 
ness of  the  piece.  As  a  matter  of  fact,  each  test  was  bent  flat  upon 
itself,  and  out  of  3  000  tons  of  material  there  was  not  a  failure  of  a  test 
piece  of  angle  or  of  plate.  The  specifications  called  for  an  ultimate 
strength  between  70  000  and  80  000  lbs.  per  square  inch,  but  the 
accompanying  table  gives  only  those  heats  that  ran  between  75  000  and 
80  000  lbs.     This  metal  is  called  "  forging  steel  "  in  the  tables. 

Tables  Xos.  1,  2  and  3  give  the  detailed  records  of  the  three  grades 
of  steel,  while  Table  No.  1  places  these  records  in  more  convenient 
form  for  comparison.  Table  Xo.  5  gives  the  result  of  applying  some  of 
the  ordinary  miscellaneous  tests  of  structural  steel.  The  elastic  limit 
was  found  by  the  drop  of  the  beam.  This  was  readily  determined  in 
the  case  of  the  nickel  steel  and  of  the  softer  "  forging  steel,"  but  was 


288 


<   \  M  PBELL   <>\     M«  K  ll       I  EEL. 


not  well  marked  is  the  plates  of  the  "  bard  forging  steel."  In  the  c 
<>t'  t  he  u  forging  Bteel  "  there  are  some  data  Laoking.  Thisarisei  from  the 
[act  thai  the  figures  given  are  records  of  Bteel  made  and  tested  more 
than  a  year  ago,  and  there  was  no  Deed  at  the  time  of  baving  this  par- 
ticular information.  The  results  arc  rather  disappointing  in  showing 
a  Less  superiority  of  the  nickel  steel  than  may  be  commonly  supposed, 
Special  methods  of  heat  treatment  might  be  made  to  show  better  re- 
sults, but  if  this  plan  is  followed  in  the  case  of  one  grade  of  steel,  it 
should,  be  followed  in  all  others.  Judging  from  the  records  given,  it 
seems  doubtful  if  nickel  steel  offers  such  marked  improvement  in 
quality  that  it  can  be  employed,  profitably  in  ordinary  engineering 
work. 
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TABLE  No.  1. 

Physical  Properties  of  Acid  Open-Hearth   Nickel  Steel. 

Made  by  the  Pennsylvania  Steel  Company.     Composition,  C,  0.24; 
Mn,  0.78;  S,  0.027;  P,  0.032;  Ni,  3.2:>. 


Shape  of  member. 

Size  of  member. 

Ultimate  strength. 

Pounds  per  square 

iuch. 

Elastic    limit. 

Pounds  per  square 

inch. 

Elastic  ratio.    Per- 
centage. 

= 

c  tc 

c  s 
.2  S 

—  - 

-  . 

c 
c 

s 
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c 

a  a 

o  a> 

--   - 
<*£ 
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c 

e3 
O 

-     . 

<~    to 
O  «9 

=    = 

C   o 

3  o 
a  © 

s 

f 

%"  diam. 

86  220 
85  960 

85  720 

86  160 

64  140                   ,     20.00  !     34.00 
63  100                     '<     20.00        34.00 
63  580                         20.50  j     34.00 
63  480                         20.25        34.00 

45.6 
45  5 
48.1 
46.1 

Average. . 
3"  x  3"  x  %" 
3"  x  3"  x  y2" 

86  015      63  575          73.9        2'J.19 

88  600  ,  59  720       i     19.75 

85  280      57  8('0       22.00 

87  000   .  58  140       23.50 

34.00 

37.00 

41.00 
41.00 

46.3 

49.2 
51.5 
50.7 



< 

Average. . 
%"xl6" 

>i"xl6" 

86  960 

84  080 
S5  140 
86  480 
86  200 
86  660 
86  080 

58  553 

57  320 

59  240 
59  000 

58  260 
58  320 
58  320 

67.3        21.75 

21.25 
21.75 
19.25 

21.00 

21.00 

1     22.25 

39.67 

40.00 
39.00 
37.00 
40.00 
39.50 
40.00 

50.5 

53.1 
54.2 
47.8 
54.1 
52.3 
50.5 

• 

Average . . 
%"  x  16" 

y2-  x  16" 

85  773 

84  460 
87  020 
87  44ii 

86  300 
86  360 
86  920 

58  410 

57  560 

58  440 

59  000 
58  160 

57  900 

58  160 

68.1 

21.08 

14.50 
14.50 
15.75 
18.50 
16.25 
19.50 

39.25 

27.00 
26.00 
31.00 
34.50 
25.00 
30.00 

52.0 

40.6 
36.8 
39.1 
41.6 
25.6 
33.0 

Sheared  plates 

\ 

Longitudinal  tests 

1 

Average . . 
%"x44" 

;; 

>£"  x  44" 

b6  417 

86  520 

84  440 
86  680 

85  640 
84  020 

84  880 

85  180 

58  203 

59  560 

58  800 

59  640 
57  600 
57  600 
57  180 
56  800 

67.4 


16.50        28.92 

20.50        37.00 
19.50        37.00 
17.00        31.50 
16.75        32.50 
20.50        39.00 
19.75        37.00 
19.00        34.50 

36.1 

52.6 
48.8 
42.8 
40.0 
52.2 
51.5 
50.2 

f 

Average. . 
%•'  x  44" 

H"  X  44" 

85  337 

85  120 
83  840 
83  630 

83  520 

84  520 

85  630 

58  169 

57  680 

58  380 

68.1 

19.00 

17.00 
19.00 
IS.  50 
16.00 
15.50 
16.75 

35.50 

26.00 
34.00 
35.00 
34.00 
32.00 
34.00 

48.3 

34.3 
42.5 

■ 

58  040       

55  220       

56  980       



42.8 
4S.0 
47.0 
45.7 

Average..     84  377 

57  260         67.9 

17.13        32.50 

43.4 
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TABLE   No.  2. 

Physical  Properties  of  Acid  Open-Heabtb  Habd  Forging   Steel. 

Made  by  the  Pennsylvania  Steel  Company.     Composition,  C,  0.80  to 
0.35;  Mil,  0.00  to  1.00;  S,  0.08  to  0.05;  1\  0.03  fco  0.06. 


Sbape 
of  member. 

Size 

of  member. 

Heat 
number. 

Ultimate    strength. 
Pounds  per  square 
inch. 

Elastic  limit.  Pounds 
per  square  inch. 

u 
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i 
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-  a 
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%"  diam. 
a 

<i 

4"  x  4"  x  %" 

4"  x  4"  x  %" 
5"  x  3"  x  yz" 

^"xl6" 
Yz"  x  16" 

11  114 
11  114 
11  114 
11  114 

87  900 
87  1*0 

87  500 

88  070 

58  630 
57  140 

57  940 

58  510 

15.90 
15.75 
18.50 
16.63 

23.50 
24.00 
27.00 
23.25 

30.5 
30.3 
32.0 
28.3 

Average  . . 

11  114 
11  114 
11  114 

87  663 

88  000 
85  740 

89  720 

58  055 

52  640 
56  980 
52  840 

66.2 

16.70 

19.00 
20.50 
18.25 

24.44 

35.50 
38.00 
31.00 

30.3 

47.2 
50.9 

31.7 

Universal  plates;  ( 
ion  g  i  t  u  d  i  n  a  1  J 

Average.. 

11  233 
11  233 
11  233 

87  820 

82  900 

83  640 
81780 

54  153 

50  440 
50  500 
49  550 

61.7 

19.25 

20.75 
19.50 
21.25 

34.83 

37.50 
36.00 
39.50 

43  3 

46.1 
43.9 
50.9 

1 

Universal  plates;  \ 

Average . . 

11  233 
11  233 
11  233 

82  773 

84  940 

84  500 
86  080 

50 163      60.6 

(50  000)* 

(50  000)* 
(50  000)* 

20.50 

19.00 
19.00 
18.50 

37.67 

23.00 
24.00 
22.50 

47. 0 

27.3 
27.7 

transverse  tests  j 

27.2 

H" 

Sheared     plates ; 
ion  gitudinal< 

Average. . 

10  711 
10  711 
10  711 
10  711 
10  711 

85  173 

85  300 

85  800 
82  700 

86  620 
84  640 

(50  000)*  (58.7)* 

(50  000)* 

(50  000)* 

(50  000)*, 

(50  000)* 

(50  000)* 

18.83 

23.50 
21.50 
20.25 
22.00 
23.25 

23.17 

38.00 
37.00 
37.50 
40  00 
44.50 

27.4 

45.8 
45.2 

52.0 

47.7 

I 

51.3 

r 

Average.. 

10  711 
10  711 
10  711 
10  711 
10  711 
10  711 

85  012 

'   83  700 
1    84  300 

84  380 
83  700 
83  920 

85  960 

(50  000)*  (58.8)* 

(50  000)* 

1(50  000)* 

|(50  000)* 

(50  000)* 

(50  000)* 

(50  000;* 

22.10 

21.00 
19.50 
24.00 
23.75 
22.50 
19.50 

39.40 

34.00 
35.50 
36.00 
41.00 
38.50 
37.00 

48.4 
35.4 

39.6 

Sheared     plates;  ! 

35.8 

46.9 

41.2 

48.7 

* 

Average . . 

84  327 

(50  000)*  (59.3)=* 

21.71 

37.00 

41.3 

*  Approximate;  could  not  determine  accurately. 
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TABLE  No.    3. 
Physical  Properties  of  Acid  Open-Hearth  Forging  Steel. 

Made  by  the  Pennsylvania  Steel  Company.  Composition,  C,  0.25  to 
0.30;  Bin,  0.60  to  0.80;  S,  0.03  to  0.07;  P,  0.03  to  0.06;  Cn, 
0.20  to  0.40. 


Shape 
of  member. 

Size 
of  member. 

Heat 
number. 

Ultimate    strength. 
Pounds  per  square 
inch. 

Elastic  limit.  Pounds 
per  square  inch. 
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3"  x  3"  x  |" 

22"  x  i" 
36"  x  & ' 
36"  x  Ty 

ii"  xr 

36"  x  |" 
11"  x  A" 

36"  x  4" 
84"  x  |" 
32"  x  h" 
30"  x  I" 
32"  x  |" 
36"  x  &" 

10  061 
10  020 
10  019 
10  022 
10  034 
10  068 
10  042 
10  047 

75  920 

76  750 

77  240 
77  6.'0 
77  960 
79  120 

79  920 

80  000 

49  000 
53  430 
52  700 
51680 
52  140 
52  360 
51400 
51  630 



24.50 
25.00 
25.00 
24.25 
23.25 
22.75 
23.75 
23.00 

58.2 
58.7 
50.3 
46.1 
41.2 
51.9 
56.1 
53.6 

r 
i 

Average . . 

10  022 
10  019 
10  068 
10  017 
10  020 

78  066 

75  970 

76  620 

77  040 

77  200 

78  020 

51  793 

50  020 
50  610 

48  060 

49  580 
49  450 

66.3 

23.94 
23.75 

32.00 
32.50 

26.80 
31.25 

52.0 

48.4 
49.1 
54.9 
47.6 
47.8 

Universal 
plates.  Each 
figure  is  the* 
average     of 
two  tests. 

Average. . 

8  165 
10  034 
10  036 
10  016 
10  056 
10  042 

76  970 

78  230 

78  635 

79  005 
79  030 
79  460 
79  615 

49  544 

44  150 
51  005 
46  170 
44  485 

46  590 

47  525 

64.4 

22.7 
26.7 
28.6 
26.4 
32.5 
23.8 

30.64 


49.6 

50.6 
52.0 
54 . 5 
54.3 

50.9 
50.5 

Sheared] 
plates.  Each  \ 
figure  is  the  <{ 
average      of  j 
two  tests. 

Average. . 

10  061 
10  050 
10  056 
8  191 
8  187 
10  078 

78  996 

78  100 
78  800 

78  900 

79  100 
79  210 
79  400 

46  654 

49  400 

49  07U 

50  800 

47  600 
47  100 
50  800 

59.1 

26.78 

24.6 
20.5 
25.2 
22.2 
20.2 
19.5 

52.1 

55.0 
40.0 
51.4 
54.3 
49.0 
54.8 

Average. . 

78  918 

49  128 

62.3 

22.03 

50.8 
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TABLE   No.  4. 

Simm\i:\    01    i  hi      \\  r.i;  \«.i.s   (,i\i.\    in    TABLES    Nos.     1,    2    \M>   8. 
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Shape  of  member. 

Kind  of  steel. 
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Nickel 

8G  015 

68  575 

7:5. '.i 

20.19 

34.00 

46.3 

Bard  forging. 

87  663 

58  055 

66.2 

16.70 

24.44 

30.3 

i 

78  066 

51  793 

66.3 

23.94 

52.0 

( 

86  960 

58  663 

67.3 

21.75 

39.67 

50.6 

Hard  forging. 

87  820 

54  153 

61.7 

19.25 

34.83 

43.3 

( 

Forging 

Nickel 

Hard  forging. 

76  970 

49  544 

64.4 

49.6 

Universal  plates,  ( 
longitudinal..  ) 

85  773 
8*2  773 

58  410 
50  163 

68.1 

Git.  6 

21.08 
20.50 

39.25 
37.67 

52.0 
47.0 

78  996 

46  654 

59.1 

26.78 

52.1 

Universal  plates,  \ 
transverse ) 

Nickel 

86  417 

58  203 

67.4 

16.50 

28.92 

36.1 

Hard  forging. 

85  173 

(50  000)* 

(58.7)* 

18.83 

23.17 

27.4 

Sheared    plates,  ( 
longitudinal..  ) 

85  337 

58  169 

68.1 

19.00 

35.50 

48.3 

Hard  forging. 

85  012 

(50  000)* 

(58.8)* 

22.10 

39.40 

48.4 

Forging 

78  918 

49  128 

62.3 

22.03 

50.8 

Sheared    plates,  \ 
transverse ) 

84  377 

57  260 

67.9 

17.13 

32.50 

43.4 

Hard  forging. 

84  327 

(50  000)* 

(59.3)* 

21.71 

37.00 

41.3 

*  Approximate  ;  could  not  determine  accurately. 
» 
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COMPAKATIVE    MISCELLANEOUS    TESTS    OX    THE    STEELS   EN    TABLES 

Xos.    1.    2   AND   3. 


Shape. 


Kind  of  steel. 


Nature  of  tests. 


Rounds 


Rounds 


Rounds 


Nickel 

Hard  forging. 
Forging 


Nickel. 


Bent  cold,  fiat  upon  itself. 
Bent  cold,  flat  upon  itself. 
Bent  cold,  flat  upon  itself. 


Angles 


Angles 


Angles 


Angles 


Sheared  plates, 
longitudinal  . 


Sheared  plates, 
longitudinal  . , 


"When  nicked,  six  bars  bent  an  average  of  57°  before 

cracking. 
■{   Hard  forging When  nicked,  five  bars  bent  an  average  of  5i~-  before 

cracking. 
I   Forging When  nicked,  six  bars  bent  an  average  of  35°  before 

cracking. 

Nickel When  quenched,  bent  fiat  up  ">n  itself. 

Hard  forging When  quenched,  bent  fiat  upon  itself 

Forging When  quenched,  bent  fiat  upon  itself. 

Nickel Bent  cold,  flat  upon  itself. 

Hard  forging Bent  cold,  flat  upon  itself. 

Forging Bent  cold,  flat  upon  itself. 

Nickel When  quenched,  bent  flat  upon  itself. 

Hard  forging When  quenched,  bent  flat  upon  itself. 

ForgiDg 

Nickel Opened  out  flat,  without  fracture. 

Hard  forging Opened  out  flat,  without  fracture. 

Forging Opened  out  flat,  without  fracture. 

Nickel Closed  about  45*,  before  fracture. 

Hard  forging Closed  about  6'13,  before  fracture. 

Forging Closed  shut,  without  fracture. 

Nickel Bent  cold,  flat  upon  itself. 

Hard  forging.     . .    Bent  cold,  flat  upon  itself. 
Forging Bent  cold,  flat  upon  itself. 

Nickel When  quenched,  broke  at  a  very  small  angle  of  bend. 

Hard  forging When  quenched,  broke  at  a  very  small  angle  of  bend. 

Forging 
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WHAT    IS    THE    LIFE    OF    AN    IRON    RAILROAD 

BRIDGE  ? 


By  J.  E.  Greinee,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annuad  Convention,  June,  1895. 


WITH  DISCUSSION. 


Since  engineers  have  recently  freely  expressed  their  views  on 
"Some  Disputed  Points  of  Bridge  Construction,"  *  and  are  priding 
themselves  upon  the  strength,  firmness  and  permanency  of  the  struct- 
ures now  being  built,  it  may  be  well  to  consider  for  a  few  moments 
the  bridges  which  were  built  but  a  few  years  ago  and  stand  prac- 
tically side  by  side  with  the  heavier  constructions  of  to-day,  being 
called  upon  to  do  exactly  the  same  work.  Many  of  these  bridges 
were  designed  to  carry  the  traffic  existing  at  the  time  they  were 
built,  the  actual  train  service  having  been  taken  as  a  basis  for  the 
calculation.  But  the  railroad  companies  have  been  increasing  the 
weight  of  their  rolling  stock  step  by  step  as  occasion  required,  and 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXVI,  p.    77. 
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■will  continue  this  increase  so  lone:  as  it  is  more  economical  to  operate 
a  smaller  number  of  heavy  trains  than  a  larger  number  of  lighter 
trains,  or  until  they  arrive  at  the  utmost  capacity  of  their  bridges. 
"When  this  limit  is  reached  further  increase  must  cease  or  the  struct- 
ures must  be  strengthened  or  renewed,  as  their  practical  life  has 
ended. 

What.  then,  is  the  life  of  an  iron  railroad  bridge?  If  heretofore  it 
has  been  scarcely  25  years,  it  was  not  on  account  of  the  structures 
having  failed  or  worn  out  under  the  loads  for  which  they  were  de- 
signed, but  because  the  loads  had  been  increased  to  such  an  extent 
that  the  structures,  generally  of  a  flimsy  character,  became  loose  and 
shaky  and  totally  unfit  for  the  much  heavier  traffic  at  greater  speed.  The 
following  table,  showing  the  increase  in  weight  of  locomotives  on  the 
Baltimore  and  Ohio  Railroad,  indicates  in  a  verv  forcible  manner  the 

Increase  in  Weights  of  Engines  on  Baltimore  and  Omo  System 

from  1835  to  1895. 


Type. 

Date. 

Weight  in  tons. 

Winans'  camel,  eight  wheels 

1S35 
1S51 
1863 

1873 

1888 
1890 

1894 

1895 

10.7 
37.3 

45.  4 

-. 

Mogul 

54.3 

56.6 

Consolidation 

Consolidation 

62.5 

Baldwin,  10  wheels 

66.5 

67.1 

Consolidation 

80.4 

Electric  motor 

95.0 

Increase  in  the  20  years  between  1S35  and  1855 243  per  cent. 


10 
10 
10 
10 
Total  increase  in  60 


185S  and  1865 22 

1865  and  1875 16 

1S75  and  1355 3 

111 48 

1835  and  1S95 651 


Considering  the  electric  motor  which  will  be  ruu  over  the  Baltimore  Belt  Railroad,  the 
increase  in  the  10  years  between  1SS5  and  1S95  is  75  V,  or  in  the  60  years,  7SS  per  cent. 


main  reason  why  the  lives  of  iron  bridges,  on  this  road  at  least,  have 
been  so  very  short — they  were  over-burdened.  The  other  reasons, 
namely,  flimsy  construction  and  poor  details,  evil  influences  tending  to 
a  short  life,  are  not  generally  met  with  in  structures  built  during  the 
past  10  or  15  years,  although  it  must  be   acknowledged  that  some  rail- 
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road  companies  which  buy  their  bridges  as  s<>  much  stock  in  trade, 

without  employing  a  OOmpetenl   party  to  Look  after  their   interests,  are 

bing  structures  bul  little  better  than  those  used  a  quarter  of  a  cen- 
tury ago  ami  which  develop  into  flimsy  affairs  jusl  as  soon  as  a  little 
increase  in  traffic  is  felt. 

Leaving  such  structures  out  of  the  question  and  considering  only 
those  which  have  been  conscientiously  designed  in  accordance  "\vitk 
the  generally  accepted  good  practice,  it  may  be  said  that  their  lives 
are  not  to  be  determined  by  years,  as  is  the  case  with  animals,  nor  by 
tonnage,  as  is  the  case  with  rails,  but  by  the  care  bestowed  upon  their 
maintenance,  which  care  presupposes  an  intelligent  limit  being  placed 
upon  the  concentrated  weight  of  engines  and  train  loads.  Having 
received  proper  attention,  and  the  train  loads  having  been  limited  to 
those  for  which  the  structure  was  designed,  and  barring  unavoidable 
accidents,  there  is,  apparently,  no  reason  why  a  good  iron  or  steel 
bridge  should  not  last  indefinitely.  But  neglect  the  approaches,  allow 
low  joints  in  the  track,  use  rotten  ties,  let  the  metal  rust,  pay  no  at- 
tention to  loose  rivets,  neglect  the  counters  and  laterals,  keep  the  roller 
bearings  clogged  with  dirt,  in  other  words,  place  the  bridges  in  the 
hands  of  indifferent  or  incornj)etent  men,  and  there  will  be  a  greater 
certainty  that  they  will  fail  before,  than  that  they  will  be  standing 
after,  25  years. 

Of  the  bridges  built  during  the  past  15  years,  the  author  believes 
he  is  not  far  wrong  in  stating  that  the  greater  proportion  are  carrying 
loads  in  excess  of  their  specification  requirements.  This  leads  to  a 
very  important  and  serious  question,  viz.,  should  heavier  loads  than 
those  for  which  the  bridges  were  designed  be  allowed  to  run  regularly, 
and,  if  so,  to  what  safe  extent  can  these  loads  be  increased  ?  If  it  is  as- 
serted that  train  loads  cannot  be  safely  increased  beyond  specification 
requirements,  then  experience  belies  the  assertion.  If  it  is  acknowl- 
edged that  these  loads  can  be  increased  without  any  possible  injury  to 
the  structure,  it  is  then  implied  that  there  has  been  a  considerable 
waste  of  material  in  the  design,  which  waste  cannot  be  considered  good 
engineering. 

It  must  be  admitted  that  the  usual  specification  stresses  can  be  in- 
creased to  a  limited  extent  without  subjecting  the  bridges  to  any  im- 
mediate danger.  It  is  being  done  now  and  has  been  done  in  the  past, 
and  the  structures  are  still  in  good  condition.     The  question  for  con- 
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sideration,  therefore,  is  not,  can  working  stresses  be  safely  increased, 
but  to  what  extent  can  they  be  increased  ? 

That  there  is  a  limit  to  all  things,  the  capacity  of  the  best  bridges 
included,  goes  without  saying.  That  there  is  a  stress  which  is  known 
to  be  perfectly  safe  as  well  as  a  stress  which,  if  continued,  will  un- 
doubtedly cause  failure,  is  also  readily  admitted.  There  is,  however, 
a  considerable  difference  between  the  so-called  safe  and  dangerous 
stresses.  As  it  is  the  aim  of  an  engineer  to  use  his  bridges  so  long  as 
they  are  safe,  but  to  take  them  down  before  they  fall  down,  he  must 
determine  in  his  own  mind  the  point  where  safety  ends  and  danger 
begins,  or,  in  other  words,  decide  upon  the  safe  capacity  of  the  bridges 
regardless  of  the  loads  which  they  were  designed,  with  micrometer 
refinement,  to  carry.  Personal  examinations  will  not  always  reveal 
overstrain  in  the  members,  as  it  will  rot  in  timber  and  wear  in  rails.  It 
is,  therefore,  a  case  of  figures,  experience  and  judgment,  which  appeal 
at  times  more  forcibly  to  the  conscience  of  the  expert  than  to  the  purse- 
strings  of  the  railroad  company,  and  especially  so  when  the  figures  in- 
dicate danger,  while  at  the  same  time  the  bridge  may  be  carrying  the 
traffic  to  the  satisfaction  of  all  except  the  man  who  made  the  figures 
and  who  presumably  knows  what  he  is  talking  about. 

Now,  while  some  railroad  men  ignore  calculations  in  connection 
with  bridges  under  traffic,  and  from  their  practical  experience,  as  they 
term  it,  are  led  to  believe  that  a  bridge  which  is  apparently  sound  and 
has  been  carrying  a  certain  heavy  load  has  been  tested  or  proved,  and 
can  therefore  continue  to  carry  this  load  until  signs  of  failure  are 
apparent,  there  are  others  with  an  equal  amount  of  practical  experi- 
ence and  knowledge  of  the  experiences  of  others  beside  themselves, 
who  know  that  while  a  bridge  may  be  tested  by  heavy  proof  loads  ap- 
parently in  a  satisfactory  manner,  it  may  collapse  under  a  much 
lighter  load  without  warning  or  giving  any  previous  indication  of  fail- 
ure. A  young  inspector  may  find  a  kinked  eye-bar,  a  split  angle,  or  a 
post  indented  by  a  collision,  and  honestly  believe  the  structure  in  a 
dangerous  condition,  while  it  may  be  perfectly  safe  ;  or  the  practical 
railroad  man,  whose  experience  has  eased  his  conscience  somewhat, 
may  find  the  same  defects  in  another  structure,  make  a  note  to  the 
effect  that  the  bridge  will  be  good  for  another  year,  and  it  may  col- 
lapse upon  the  passage  of  the  next  train.  A  few  figures  judiciously 
considered   have   undoubtedly   prevented    unnecessary    or   untimely 
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renewal,  just  u  surely  m  the  indifference  t<>  what  these  feir  figures 
have  indicated  in  some  cases  has  resulted  Ln  a  failure.  Pignret,  how- 
ever, must  be  tempered  wit  b  a  sound  judgment.  Each  decision  should 
be  based  upon  a  positive  knowledge  as  to  the  stresses,  details  of 
design,  material,  workmanship  and  maintenance,  combined  with  the 
necessary  experience  and  ability  to  decide  promptly  and  correctly,  and 
should  not  be  left  to  the  snap  judgment  or  exaggerated  confidence  in 
the  personal  experience  of  the  county  commissioner  or  practical  rail- 
road man,  any  more  than  to  the  immature  judgment  of  the  know-it-all 
theoretical  alarmist. 

Suppose  that  the  design,  material,  workmanship  and  maintenance 
are  of  the  best,  that  the  structure  is  in  first-class  condition  so  far 
as  can  be  ascertained  by  a  rigid  inspection,  but  since  the  bridge  was 
built  the  rolling  loads  have  been  gradually  increased  until  the  time 
comes  for  the  company  to  ask  their  engineer  if  the  bridge  will  carry 
engines  weighing  50%  more  than  it  was  designed  to  carry  ;  if  not, 
then  what  is  the  heaviest  engine  that  can  run  regularly  over  the  bridge? 
These  are  practical  questions  and  are  being  continually  asked  railroad 
engineers,  who  must  and  do  answer  promptly,  although  the  answers 
are  usually  neither  discussed  publicly  nor  published,  owing  to  a  desire 
to  avoid  censure  for  a  transgression  of  the  good  practice  as  to  safe 
working  stresses  so  carefully  instilled  in  students'  minds,  so  faithfully 
accepted  when  designing  a  new  structure,  and  so  philosophically 
stretched  out  when  dealing  with  an  old  one.  The  whole  question 
hinges  upon  what  can  be  considered  safe  working  stresses,  which  term 
has  practically  lost  its  former  significance,  owing  to  the  different  prac- 
tices, since  there  are  some  specifications  calling  for  a  safe  working 
stress  of  9  000  or  10  000  lbs.,  and  others  drawn  up  by  engineers  of  an 
equal  standing  give  a  safe  working  stress  of  14  000  or  15  000  lbs.  This 
large  difference  is,  of  course,  due  to  the  variable  allowances  made  for 
impact,  and  there  is  practically  no  difference  so  far  as  the  strength  and 
weights  of  bridges  are  concerned  when  designed  for  the  same  engine 
loads.  It  is,  however,  confusing  to  the  ordinary  railroad  officer  who 
has  neither  the  time  nor  inclination  to  look  into  the  allowances  for  im- 
pact, and  who  cannot  clearly  understand  why  there  should  be  such  a 
great  difference  in  the  safe  working  stresses  used  by  different  de- 
signers. 

Eailroad  bridges  were  formerly  built  with  a  supposed  factor  of  safety 
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of  five,  and  there  are  many  railroad  men  at  the  present  day  who  still  be- 
lieve that  it  would  take  five  times  the  load  for  which  the  bridge  was 
designed  to  break  it  down,  which  unfounded  belief  causes  them  to 
have  an  undue  confidence  in  some  very  light  structures.  While  it  is 
well  known  to  bridge  engineers  that  there  is  no  meaning  whatever  in 
the  term  "factor  of  safety,'"  and,  in  fact,  that  there  is  no  such  a  thing  in 
connection  with  bridge  work,  there  are  still  some  who  are  loth  to  give 
up,  and  who  add  certain  large  and  variable  percentages  to  their  live 
load  stresses  so  as  to  cover  the  effects  of  impact,  etc.,  and  then  assume 
a  uniform  safe  working  stress  ajjproaching  one-half  of  the  elastic  limit 
of  the  material.  It  appears  to  the  author  that  it  is  neither  rational 
nor  logical  to  add  arbitrary  percentages  to  the  live  load  stresses  in  the 
hope  of  providing  for  the  uncertain  and  erratic  effects  produced  by 
a  moving  train.  The  static  stresses  can  be  approximately  determined, 
but  this  percentage  custom  is  only  a  crude  guess  which,  when  added 
to  the  figured  static  stress,  makes  a  guess  out  of  what  was  otherwise  a 
scientific  determination.  Still  another  guess  is  made  in  assuming  the 
safe  working  stress  and  the  section  of  the  member  finally  arrived  at 
is  the  result  of  one  fact,  plus  a  guess,  divided  by  a  guess.  In  fact  the 
whole  method  is  but  a  conglomeration  of  guesses. 

There  are  a  few  facts  concerning  material,  rolling  loads,  and  con- 
tingent effects  which  are  known  without  resort  to  guesswork.  For 
instance,  it  is  known  that  structural  material,  when  repeatedly  stressed 
beyond  the  elastic  limit,  will  be  injured  and  ultimately  broken.  It  is 
known  that  structural  material  when  subjected  to  loads  without 
shocks  will  not  break  at  a  stress  below  the  elastic  limit,  no  matter  how 
often  this  load  is  repeated.  The  elastic  limit  of  the  material  is  known, 
also  the  approximate  static  stress  in  each  member  of  the  bridge.  It 
is  also  known  that  the  effects  of  inrpact,  shocks  or  blows  are  more 
severely  felt  in  the  members  which  receive  these  blows  suddenly  and 
directly  and  which  have  little  inertia  of  their  own  to  resist  or  absorb 
them!  Upon  such  facts  and  upon  personal  experience  with  bridges 
under  traffic,  not  with  bridges  on  the  drawing  board,  should  be  based 
the  foundation  of  the  safe  working  stresses,  which  should  be  made  to 
vary  inversely  as  the  known  effects  of  shock  vary,  or,  in  other  words, 
they  should  be  a  function  of  the  live  and  dead  load  stresses  without 
adding  any  guess  to  either. 

This  is  the  new  method  of  dimensioning  quite  generally  employed, 
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and  the  formulas  based  upon  t  lm  foundation  of  facts  Indicate  a  rational 

means  of  determining  sect  ions  and  providing  for  dynamic  ••fleets,  an  1 1  li- 
mit obliterating  stresses  which  can  be  calculated.  Safe  stresses  be  ed 
on  the  above  method  mean  thai  a  member  subjected  to  a  dead  l<>a<l 
only  will  be  perfectly  safe  so  long  as  the  unit  stress  does  not  exoeed 
the  elastic  limit,  thai  when  subjeoted  to  a  live  load  it  will  be  safe  so 
long  as  the  unit  stress  does  not  exceed  one-half  the  elastic  limit,  and 
when  subjected  to  both  dead  and  live  loads  will  be  safe  at  a  stress 
somewhere  between  that  allowed  for  all-dead  loads  and  all-live  loads. 
The  above  remarks  are  admittedly  ancient  history,  but  are  given  here 
more  for  the  purpose  of  having  a  clear  understanding  as  to  what  is 
meant  by  safe  working  stresses  than  as  an  argument  in  favor  of  the 
new  method. 

If  it  is  admitted  that  a  stress  just  within  the  elastic  limit  is  safe 
for  a  dead  load  and  one- half  this  amount  is  safe  for  a  live  load,  it 
must  be  borne  in  mind  that  such  high  stresses  cannot  be  used  in 
dimensioning  bridges,  because  there  are  certain  contingencies  which 
cannot  be  readily  recognized  by  any  formula,  but  which  must  never- 
theless receive  a  proper  amount  of  attention. 

First. — Structural  material  may  have  defects  which  cannot  be  dis- 
covered, no  matter  what  care  is  bestowed  upon  the  inspection  and  tests. 
Something  must  therefore  be  allowed  for  such  possibilities. 

Second. — Something  is  allowed  for  bulk,  so  that  members  will  have 
a  sensible  inertia  to  withstand  vibrations  and  absorb  shocks,  thereby 
avoiding  flimsy  construction. 

Third.—  It  is  desired  to  have  bridges  somewhat  safer  than  just  safe, 
as  super-refinement  in  this  direction  is  an  absurdity. 

In  addition  to  the  above,  a  tacit  provision  is  made  for  future  increase 
in  traffic,  as  train  loads  have  generally  gone  beyond  what  was  expected 
at  the  time  of  designing.  It  might  also  be  added  that  something  is 
thrown  in  from  force  of  habit. 

No  one  can  deny  that  the  above  three  contingencies  are  legitimate, 
and  that  in  order  to  provide  for  them  a  stress  less  than  the  elastic  limit 
for  dead  loads  and  less  than  one-half  the  elastic  limit  for  live 
loads  must  be  used  in  considering  whether  or  not  a  structure 
is  safe  or  in  designing  a  new  bridge.  Assuming,  then,  that  the  safe 
working  stresses,  as  accepted  in  good  practice,  in  addition  to  the 
above  three  contingencies,  provide  for  a  future  increase  in  train  loads, 
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and  are  generous  as  well  from  force  of  habit,  it  would  appear  that  if 
the  ki  force  of  habit  "  and  "future  increase  "  could  be  eliminated,  or, 
in  other  words,  if  it  could  be  determined  just  how  much  is  allowed  for 
these  two  items,  there  would  not  be  much  difficulty  in  fixing  upon  the 
utmost  capacity  of  a  railroad  bridge  of  good  design.  Experience  with 
structures  which  have  been  working  for  some  years  under  an  increased 
traffic  without  injury  furnishes  the  only  means  of  solving  the  question. 

Considering  the  subject  in  relation  to  timber  stringers,  interesting 
aud  valuable  data  as  to  the  unit  stresses  successfully  allowed  in  the 
practice  of  the  principal  railroads  of  the  Northwest  have  been  collected 
and  published  by  Onward  Bates,  M.  Am.  Soc.  C.  E. ,  in  his  discussion 
on  "Foundations  and  Floors  for  Buildings  of  the  World's  Columbian 
Exhibition,"  a  paper  read  by  the  late  A.  Gottlieb,  M.  Am.  Soc.  C.  E., 
before  the  Western  Society  of  Engineers.* 

The  practices  of  ten  railroads  were  given,  in  which  one  used  a  work- 
ing stress  between  1  700  and  1 800  lbs. ,  one  between  1 600  and  1  700  lbs., 
two  between  1  500  and  1  600  lbs.,  three  between  1  400  and  1  500  lbs., 
two  between  1  200  and  1  300  lbs. ,  one  between  1  000  and  1 100  lbs.  The 
above  were  white  pine  stringers  figured  in  accordance  with  the  usual 
practice  of  making  no  allowance  for  continuity  over  two  supports,  and 
when  side  stringers  were  used,  of  considering  that  they  carried  the  dead 
loads,  and  that  the  main  stringers  carried  the  live  loads.  No  impact  was 
allowed.  As  Mr.  Bates  aptly  says:  "  If  experience  is  worth  anything 
these  figures  will  speak  for  themselves." 

The  author  has  personally  examined  many  Georgia  yellow  pine 
trestles  in  which  the  stringers  were  and  are  still  subjected  to  stresses  of 
from  1  600  to  1  800  lbs.,  and  has  yet  to  find  a  single  case  of  cracking  or 
breaking  under  such  stresses,  although  some  of  the  stringers  were  eight 
years  old  and  correspondingly  weather  beaten.  There  was  one  case  in 
which  the  stresses  were  as  high  as  2  400  lbs.  for  a  period  of  several 
years,  and,  while  the  stringers  were  very  old,  there  was  nothing 
to  indicate  that  excessive  strains  had  injured  them.  This  was,  of 
course,  an  isolated  case,  and  is  not  given  here  to  illustrate  common 
practice,  but  rather  to  show  what  timber,  sound  and  free  from  injurious 
knots,  has  stood  in  a  long  service. 

Compare  successful  practice  throughout  the  country  with  the  ridicu- 
lously low  safe  stress  of  750  lbs.  for  white  pine  and  1  000  lbs.  for  yellow 

*See  the  Journal  of  the  Association  of  Engineering  Societies,  Vol.  X,  p.  577. 
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pine,  laid  down  as  l;iw  by  text  l)<><>ks  since  the  publication  of  Lan/ 
experiments,  and  state  why  these  1"\\  stresses  should  be  recommended, 
when  experience  has  demonstrated  that  from  80  to  Km",,  inc. 
perfectly  safe.  Do  the  750  lbs.  gives  in  the  hooks  consider  the  future 
possibility  of  rot  and  the  necessary  decrease  in  Beotion  and  strength 
occasioned  thereby  ?  If  so,  then  it  is  an  absurd  reason,  as  no  st  r<sS  can 
safely  he  assigned  to  rotten  timber,  and  it  would  be  much  better  engi- 
neering to  use  fiber  stresses  of  from  1  200  to  1500  lbs.,  and  strengthen 
or  renew  the  Btringers  upon  evidence  of  injurious  rot,  rather  than  to 
proportion  for  a  stress  of  750  lbs.,  in  the  belief  that  rot  has  been  pro- 
vided for.  The  actual  practice  above  noted  will  surely  admit  of  the 
very  conservative  conclusion  that  when  stresses  are  figured  from 
actual  wheel  loads  and  so  long  as  the  timber  is  sound,  white  pine 
stringers  will  be  safe  at  1  GOO  lbs.,  and  that  an  occasional  stress  as  high 
as  1  800  lbs.  will  do  no  damage.  It  is  the  author's  practice  to  consider 
1  600  lbs.  for  white  pine  and  1 800  lbs.  for  Georgia  yellow  pine  as  the 
upper  limits,  and  to  renew  or  strengthen  as  soon  as  the  condition  of 
the  timber  becomes  suspicious.  In  designing  newr  work  it  is  very  con- 
servative practice  to  use  1  000  lbs.  for  white  pine  and  1  200  lbs.  for 
yellow  pine,  and  in  the  author's  opinion  1  200  and  1  500  lbs.  for  white 
and  yellow  pine  respectively,  is  a  safe  and  economical  practice,  which 
will  still  admit  of  an  increase  in  engine  loads. 

During  the  past  few  years  the  author  has  made  many  inspections  of 
existing  iron  bridge  structures,  and  has  found  cases  which  he  considers 
as  furnishing  interesting  data  for  consideration  in  connection  with  the 
utmost  capacity  or  limit  of  life  in  railroad  structures.  Some  of  these 
cases  are  given  below  and  the  j)erniissible  unit  stresses  are  taken  in 
accordance  with  the  Baltimore  and  Ohio  specifications  of  1894,  which 
agree  closely  with  accepted  good  practice.  These  unit  stresses  for 
wrought  iron  are  as  follows: 

Tension  in  bars 7  500  ( 1  +  mm'  ) 

\         max.  / 

plates  and  shapes 7  000  (l  +  min-\ 

\         max.  / 

Compression  in  chords,  posts  and  main  braces.   7  000  (  1  -f-  m  D'  )  — 35 — 

V         max./  r 

Compression  in  girders 6  200  (  1  -f-  min'  ) 

\         max.  / 

Shearing  of  rivets 6  000 

Bearing  of  rivets 12  000 
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In  these  formulas,  I  represents  the  length  in  inches,  and  r  the 
radius  of  gyration. 

Case  I.  X  Beam  Girders. — Span,  26  ft.  center  to  center;  three  la- 
in., 50-lb.  I  beams  under  each  rail;  dead  load,  350  lbs. ;  live  load,  3  075 
lbs. ;  total  load,  3  425  lbs.  per  foot  on  one  girder.  Permissible  unit 
stress  in  top  flange,  6  830  lbs. ;  actual,  16  400  lbs. ;  overstrain,  140  per 
cent.  Permissible  unit  stress  in  bottom  flange,  8  270  lbs. ;  actual, 
16  400  lbs. ;  overstrain,  98  per  cent.     The  bridge  was  in  good  condition. 

Case  II.  Deck  Plate  Girder. — Span,  20  ft.  center  to  center;  one  web, 
15  x  h  ins.,  and  four  angles,  5  x  3j  x  f  ins. ;  rivets,  $  in.  diameter,  with 
pitch  from  4  to  6  ins. ;  dead  load,  300  lbs. ;  live  load,  3  420  lbs. ;  total, 
3  720  lbs.  per  foot  of  one  girder.  Upper  flange;  safe  stress,  6  730  lbs. ; 
actual,  17  280  lbs.;  overstrain,  156  per  cent.  Lower  flange;  safe,  8  150 
lbs. ;  actual,  19  660  lbs. ;  overstrain,  141  per  cent.  Rivet  bearing;  safe, 
5  250  lbs. ;  actual,  10  540  lbs. ;  overstrain,  100  per  cent.  The  above 
girder  was  figured  on  the  supposition  that  bending  strains  were  re- 
sisted entirely  by  the  flange  angles.  The  bridge  was  in  good  condi- 
tion. 

Case  III.  Howe  Truss. — Span,  84  ft.;  eight  panels,  depth  16  ft.  3 
ins.;  first  panel  rods,  two  rods  2  ins.  diameter,  not  upset;  dead  load  on 
rods,  20  500  lbs. ;  live  load,  64  200  lbs. ;  total,  84  700  lbs.  Safe  stress, 
9  300  lbs. ;  actual,  17  600  lbs. ;  overstrain,  89  per  cent. 

Case  IV.  B oilman  Bridge. — Stress  on  main  rods,  considering  that 
panel  rods  do  not  relieve  them;  safe,  9  000  lbs.;  actual,  22  000  lbs. ; 
overstrain,  144  per  cent.  Stress  on  panel  rods,  considering  that  they 
do  relieve  the  stresses  in  the  main  rods;  safe,  9  000  lbs. ;  actual,  16  500 
lbs. ;  overstrain,  83  per  cent.  The  over-strained  members  in  this  bridge 
were  in  good  condition,  but  as  it  is  very  uncertain  to  what  extent  the 
panel  rods  relieve  the  main  rods,  the  bridge  was  condemned. 

Case  V.  Warren  Truss  ofl5-5-Ft.  Span. — Main  ties;  safe  stress,  10  000 
lbs. ;  actual,  19  200  lbs. ;  overstrain,  92  per  cent.  Second  brace;  safe 
stress,  6  080  lbs.;  actual,  9  690  lbs.;  overstrain,  59  percent.  Third 
brace;  safe  stress,  2  100  lbs. ;  actual,  9  320 lbs. ; overstrain,  344  percent. 
The  cross-ties  of  this  bridge  rested  directly  on  the  bottom  chord,  pro- 
ducing a  transverse  stress  in  addition  to  the  direct  stress,  some  of 
which  stresses  were  as  follows:  Safe,  8  000  lbs. ;  actual,  19  340  lbs. ; 
overstrain,  142  per  cent.     This  bridge  was  built  in  1871.     The  third 

braces  were  6-in.  channels  25i  ft.  long,  and  had  a  value  of  --  =  140' 
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which  would   qoI   be  permitted  ;it  the  present   day  in  any  fir  I 
structure.  The  structure  was  condemned,  Lta  life  being  about  20 

The  foregoing  five  oases  of  overstrained  bridges  cover  pretty  well 
bhe  ordinary  conditions  as  to  style,  and  wore  selected  especially  for  the 
purpose  of  embraoingthe  field  of  beam  girders,  plate  girders  and  truss 
bridges.  They  are  not  isolate.  1  cases,  and  many  more  illustrations  of  I  be 
same  kind  could  be  brought  forth  if  necessary.  Before  drawing  any  con- 
clusions, however,  it  may  be  well  to  mention  that  the  author  has  seen 
the  vertical  cud  posts  of  a  deck  Whipple  truss,  composed  of  two  8-in. 
channels  weighing  12$  lbs.,  latticed  by  2  x  | -in.  bars,  flat  at  one  end 
and  hinged  bearing  at  the  other,  with  a  total  length  of  33  ft.  4  ins.,  and 

a  value  of —=  132,  bend  sideways    1$  ins.    when    overstrained    52%, 

when  figured  according  to  the  Baltimore  and  Ohio  formula  for  com- 
pression members,  or  overstrained  but  about  8%  when  figured  by 
Rankin's  formula  for  columns  flat  at  one  end  and  hinged  at  the  other. 
The  jjosts  were  connected  in  pairs  and  both  bent  in  the  same  direc- 
tion.    They  carried  the  load  on  one  panel  only. 

The  author  has  also  known  short  floor  beam  hangers  which  were 
bent  around  a  pin  in  the  form  of  a  yoke,  to  snap  square  across  through 
both  arms  at  a  strain  of  12  930  lbs.  per  square  inch,  or  at  an  overstrain 
of  80  per  cent.  This,  however,  was  an  isolated  case  and  was  undoubt- 
edly due  to  a  very  poor  quality  of  iron,  as  the  breaks  occurred  in  the 
body  where  there  were  6  sq.  ins.,  while  there  were  less  than  5  sq.  ins. 
through  the  thread. 

Main  rods  in  Bollman  trusses  have  snapped  short  off  without  reduc- 
tion of  area  or  elongation,  under  a  stress  of  from  25  000  to  27  000  lbs., 
the  panel  rods  not  considered  as  carrying  any  of  the  load,  or  at  an 
overstrain  of  from  138  to  157  per  cent.  As  it  is  almost  certain,  how- 
ever, that  the  panel  rods  did  carry  a  part  of  the  load,  this  overstrain 
would  be  considerably  reduced.  Again,  while  the  author  has  never 
yet  met  with  an  I-beam  girder  which  failed  in  service,  either  by  buck- 
ling of  the  top  flange  or  tearing  apart  of  the  lower  flange,  he  has  seen 
many  cases  where  the  webs  have  split  open  for  a  distance  of  3  or  4  ft. 
when  the  train  loads  were  but  50%  in  excess  of  what  the  beams  were 
intended  to  carry. 

No  conclusions  could  be  drawn  from  the  particular  cases  cited  had 
they  been  isolated,  but  as  stated  before  they  are  not  isolated  and  were 
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selected  for  illustrations    of  numerous  similar  conditions   found  in 
practice. 

One  thing  is  pretty  clearly  brought  out,  and  this  is  that  if  the 
limit  of  elasticity  of  wrought  iron  is  considered  as  26  000  lbs.,  and  an 
all-moving  load  is  held  to  produce  twice  the  strain  that  is  caused  by  an 
all-dead  load,  then  something  is  radically  wrong  in  the  usual  method  of 
figuring  stresses  from  concentrated  wheel  loads;  otherwise,  each  of  the 
structures  mentioned  should  have  shown  a  permanent  set,  which  they 
did  not.  If  the  wheel  method  of  figuring  stresses  is  correct,  then  the 
preceding  examples  demonstrate  without  question  that  an  all-moving 
load  does  not  produce  twice  the  stress  caused  by  an  all-dead  load.  It 
is  positively  certain  that  the  method  of  figuring  stresses  from  con- 
centrated wheel  loads  causes  strains  so  far  above  what  really  exist  as 
to  almost  class  this  method  as  unscientific,  because  there  can  be  no 
concentrated  loads  when  there  are  stiff  rails  and  cross-ties  spaced  at 
close  intervals  placed  between  the  load  and  the  supporting  girder.  A 
distributed  load  equivalent  to  the  sum  of  the  concentrated  wheel  loads 
of  the  engine  would  give  stresses  nearer  the  truth.  While  it  has  been, 
and  is  generally,  considered  that  a  suddenly  applied  load  produces 
about  twice  the  stress  of  the  same  load  at  rest,  and  that  an  engine 
moving  over  a  bridge  is  a  suddenly  apjidied  load,  there  is  considerable 
doubt  in  the  minds  of  practical  bridge  men  as  to  the  truth  of  this 
assumption.  In  fact  bridge  men  who  are  continually  looking  after 
bridges  in  service  are  strongly  inclined  to  believe  that,  so  far  as 
strains  are  concerned,  the  mere  fact  of  a  train  rushing  across  a  small 
opening  does  not  in  itself  cause  any  greater  strains  than  should  the 
same  engine  cross  slowly,  as  it  takes  time  for  strains  to  be  felt  and 
transferred  through  the  body  of  the  supporting  girders.  A  rushing 
engine  gets  across  in  so  short  a  time  as  to  probably  eliminate  all  im- 
pact. Low  joints  in  the  track  and  unbalanced  drivers  do,  beyond  all 
question,  cause  blows  to  be  delivered  to  the  supporting  girders,  and 
the  greater  the  speed,  the  more  force  there  is  in  these  blows,  and  con- 
sidered in  connection  with  unbalanced  drivers,  low  joints  and  rotten 
ties,  great  speed  does  cause  impact.  But  with  the  track  in  proper 
condition  and  fairly  well-balanced  drivers,  the  author  believes  that  the 
quicker  a  train  gets  across  a  weak  bridge  of  very  small  span,  the  better 
it  will  be  for  the  bridge.  This  of  course  does  not  apply  to  truss 
bridges,  long  trestles  or  viaducts. 
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is  bridge  engineers  in  praotioe  who  are  frequently  called  apon  to 
answer  the  question  suggested  in  the  subject  of  this  discussion  mus1 
base  their  judgmenl  Largely  upon  what  lias  been  done  and  should  be 
Bomewhal  consistenl  in  their  opinions,  it  may  be  well  to  arrive  at  some 
understanding  as  to  what  can  be  considered  an  upper  limit  in  stresses 
produced  by  the  constantly  increasing  engine  loads.  When  these 
limits  arc  reached  it  is  time  to  strengthen  or  renew,  and  it  must  be  dis- 
tinctly understood  that  the  suggestions  advanced  by  the  author  apply 
onlv  when  stresses  have  been  determined  from  actual  wheel  Loads, 
when  the  structures  are  of  good  design  and  in  good  condition,  and 
where  details  have  been  made  to  develop  the  full  strength  of  the  mem- 
bers. Details  of  connections  have  heretofore  been  the  weakest  parts  of 
bridges,  are  the  first  to  cause  trouble,  and,  as  a  rule,  must  be  strength- 
ened long  before  the  main  sections  are  in  any  danger. 

While  no  engineer  would  for  an  instant  think  of  using  the  stresses 
suggested  below  in  making  new  designs,  it  is  necessary  at  times  to 
use  them  in  old  work,  and  while  it  is  believed  that  these  stresses  will 
be  safe  for  a  long  period,  there  is  no  certainty  as  to  how  long.  When- 
ever permitted,  the  structure  should  be  under  very  careful  supervision. 
There  is  no  doubt  that  modern  steel  bridges  are  practically  permanent 
so  long  as  they  are  properly  maintained  and  so  long  as  the  loads  do 
not  exceed  the  specified  requirements,  and  if  there  was  any  assurance 
that  they  would  be  equally  permanent  under  an  increased  loading  of 
50  or  15%,  the  fact  would  soon  be  recognized  by  increasing  the  present 
accepted  unit  stresses  and  adopting  lighter  structures. 

The  following  unit  stresses  are  suggested  as  the  highest  permissible 
for  a  constant  service.  An  occasional  load  a  little  in  excess  of  these 
limits  will  do  no  harm. 

a.  Timber  beams  free  from  loose  or  rotten  knots  and  in  sound  con- 
dition. Unit  stress  on  extreme  fibers;  white  pine,  1  600  lbs. ;  long  leaf 
yellow  pine,  1  800  lbs. 

b.  Boiled  iron  beams,  braced  firmly  together,  in  groups  of  two 
or  three,  so  as  to  form  a  compound  girder,  the  unsupported  lengths 
of  compression  flange  not  exceeding  16  times  its  width.     Unit  stress, 


13  000    (l  +   5*1  V 

V  max.  / 


As  the  webs  are  likely  to  split  open  at  a  less  stress  than  indicated 
above,  beam  girders  should  be  closely  watched  whenever  stresses  exceed 
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the  specification  requirements  by  -i<>  per  cent.  These  crack-,  however, 
can  be  readily  prevented  by  means  of  stiffening  plates  extending  from 
flange  to  flange  and  riveted,  both  to  the  flanges  and  to  the  web  at  each 
end  of  the  beam.  Cracked  beams  will  still  do  good  service  when  the 
cracks  are  strongly  spliced. 

c.  Plate  girders  with  an  efficient  system  of  lateral  bracing,  stiffened 
web.  rivets  correctly  proportioned,  cross-ties  resting  on  the  upper 
flange    or   on   an    iron    floor    system.       Main    girders,     compression 

flange,  11  000   (  1  -f  ^^  )  :   main   girders,    tension  flange.  13  000   X 
\  max.  / 

(1  +  5^-Y 

\         max.  / 

All  connections  of  stringers  to  floor  beams  and  floor  beams  to  gird- 
ers in  through  bridges  should  be  strengthened  when  the  shear  exceeds 
9  000  lbs.  on  the  diameter  of  rivets,  or  the  bearing  exceeds  18  000  lbs., 
and  all  loose  rivets  should  be  replaced  by  tight  ones  as  soon  as  dis- 
covered. When  cross-ties  rest  directly  on  the  lower  flanges,  an  increase 
in  flange  stress  of  50%  would  be  uncertain  and  liable  to  cause  trouble. 

(/.  Truss  bridges. — In  Bollman  bridges  the  main  rods  will  be  safe 
at  a  stress  of  20  000  lbs.  when  the  panel  rods  are  in  good  adjustment 
and  are  capable  of  aiding  the  main  rods.  "When  the  panel  rods  are 
loose  or  cannot  be  adjusted,  owing  to  rusty  threads  or  other  causes, 
the  stress  should  not  exceed  16  000  lbs.  per  square  inch. 

In  Pratt  or  Warren  bridges,  the  stresses  in  the  main  ties,  lower 
chords,   long    suspenders    or    counters   should    not    exceed  13  000   X 

(  1  -f- )  .       Stresses   in  short  bar   hangers    should   not    exceed 

\  max.  / 

12  000  lbs.  Upper  chords  and  posts,  when  the  ratio  of  the  length  to 
the  least  radius  of  gyration  does  not  exceed  115  or  120,  can  have  the 

stresses  increased  to   12  250  (l  -I '-  )  — 61  — . 

V  max.  /  r 

If  the  above  conclusions  are  accepted,  then  the  life  of  an  iron  bridge 
of  moderate  span  will  have  reached  its  limit  when  train  loads  have 
been  increased  between  S0°o  and  90%  beyond  what  the  bridge  was 
designed  to  carry.  They  must  not  be  construed  to  mean  more  than 
they  affirm,  and  when  used  in  actual  practice  it  must  be  remembered 
that  there  are  other  parts  of  a  bridge  besides  the  ties  and  columns,  and 
that  while  these  main  members  may  be  reasonably  safe,  the  structure, 
depending,  as  it  does,  upon  other  features  as  well  as  its  main  mem- 
bers, mav  be  treacherous. 
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DISCUSSION. 


Mr.  Morison.  G-eobgi  8.  Morison,  President  Am.  Soc.  0.  £. — The  conditions  which 
the  anthor  has  brought  ont,  namely,  thai  a  bridge  will  do  good  service 
miilcr  strains  which  are  very  much  greater  than  it  was  intended  to  bear, 
show  what  is  now  one  of  the  greatesl  defects  in  bridge  specifications. 
It  will  not  do  to  Bay  that  no  bridge  1ms  ever  failed  because  the  metal  in 
a  main  member  was  overstrained,  but  this  is  an  extremely  rare  occur- 
rence; the  difficulties,  wear  and  everything  else,  occur  iu  the  detail-. 
Bridges  are  generally  designed  for  a  certain  strength  and  proportioned 
so  that  their  metal  shall  not  be  overstrained,  but  there  is  scarcely  a 
specification  drawn  which  limits  the  distortion  which  a  bridge  may 
be  permitted  to  undergo.  Yet  it  is  perfectly  possible  to  design  a 
bridge  in  -which  the  metal  of  every  member  would  be  strained  up  to 
20  000  lbs.  to  the  square  inch,  and  have  a  bridge  which  would  wear 
better,  last  longer,  and  be  abetter  structure  than  another  one  in  which 
the  strains  are  limited  to  half  this  amount,  even  though  the  second 
structure  be  proportioned  properly  in  all  its  details.  A  difficulty  in 
many  bridges  is  that  the  trusses,  as  well  as  the  different  members,  can 
change  their  shape  too  much  without  passing  proper  limits  of  strength, 
and  this  is  a  point  which  has  scarcely  ever  been  provided  for  in  speci- 
fications. An  examination  of  an  elevated  railroad  structure,  which  was 
actually  erected  and  in  which  everything  was  properly  proportioned 
so  far  as  strain  was  concerned,  showed  that  the  structure,  Avithout  over- 
straining any  metal,  could  move  9  ins.  out  of  line  horizontally;  nobody 
would  think  this  a  proper  condition  to  allow.  This  is  a  point  which  has 
not  been  given  proper  attention,  although  there  are  many  things  about 
specifications  which  go  into  minutiae. 

The  matter  of  counter-balancing  has  been  referred  to.  Many  loco- 
motives, which  theoretically  have  15  000  lbs.  on  an  axle,  really  when 
moving  at  high  speed  exert  pressures  varying  from  32  000  to  minus  2  000 
lbs. ,  which  is  rather  an  unfortunate  condition  ;  but  still  these  engines 
are  running  all  the  time.  If  a  structure  is  so  designed  that  it  keeps  its 
shape  under  the  passage  of  a  train,  or  if  it  changes  its  shape  in  so 
gradual  a  wray  that  the  change  is  not  felt,  it  may  be  all  right  even  with 
very  high  strains. 

In  an  important  bridge  an  examination  was  made  and  the  pins  were 
found  to  have  a  theoretical  bending  strain  in  extreme  fibers  of  from 
175  000  to  250  000  lbs. ,  and  yet  when  some  of  those  pins  were  taken  out 
they  were  perfectly  straight.  Unfortunately  no  observations  were 
taken  to  show  the  actual  variations  of  strain  in  the  bars  attaching  to 
the  pins,  but  if  the  bars  had  been  examined  under  strain  with  a  mi- 
crometer and  the  strains  in  them  had  been  found  to  differ  not  more 
than  15,%  from  a  mean,  the  bridge  should  have  been  accepted  as  a  safe 
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structure,  even  though  the  theoretical  bending  strains  in  the  pins  ex-  Mr.  Morlson. 
ceeded  300  000  lbs.  to  the  square  inch.     It  was  simply  a  case  where  the 
theoretical  strains  in  the  pins  are  of  no  real  importance,  provided  the 
pins  stay  straight  ;  in  other  words,  they  do  not  exist  if  the  pins  are 
straight. 

A  great  many  of  the  older  bridges  were  designed  with  very  high 
strains.  Albert  Fink,  Past-President  Am.  Soc.  C.  E. ,  25  years  ago  con- 
sidered i4  000  lbs.  to  the  inch  a  perfectly  proper  strain  to  put  on  the 
tension  members  of  his  bottom  chords,  and  none  of  his  bridges  pro- 
portioned in  this  way  failed  to  give  good  results,  though  most  of  them 
have  now  been  superseded  by  structures  adapted  to  very  much  heavier 
rolling  stock. 

T.  C.  Glaeke,  M.  Am.  Soc.  C.  E. — Among  the  most  remarkable  in-  Mr.  Clarke, 
stances  in  the  United  States  of  bridges  built  to  carry  light  loads,  which 
now  support  trains  much  heavier  than  those  for  which  they  were  de- 
signed, are  the  riveted  lattice  bridges  constructed  on  the  New  York 
Central  Railroad  about  1869  or  1870.  For  25  years  they  have  stood  with 
but  little  reinforcement.  There  have  been  a  number  of  collisions  on 
them,  but  in  no  instance,  so  far  as  the  speaker  knew,  had  one  of  them 
yielded  or  broken.  This  is  a  very  remarkable  record,  in  view  of  the 
great  increase  of  rolling  loads.  The  speaker  had  watched  the  passage 
of  trains  over  some  of  these  bridges  and  attributed  their  great  strength 
and  durability  to  the  fact  that  the  strains  are  diffused  instead  of  being 
concentrated.  The  practice  of  the  designers  of  these  bridges  was  to 
place  the  diagonals  very  close  together  as  compared  with  the  modern 
long  panels.  This  led  to  diffusing  the  strains  over  a  large  number  of 
points  rather  than  concentrating  them  on  a  few,  and  this  is  one  of  the 
causes  which  make  the  bridges  stand  so  well.  This  form  of  design, 
followed  to  its  logical  conclusion,  leads  to  plate  girders  where  a  con- 
tinuous web  is  attached  to  the  chords  by  rivets  very  close  together. 
Experience  shows  that  the  durability  of  plate  girders  is  greater  than 
that  of  any  other  form  of  construction. 

Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E. — The  speaker  did  not  believe  Mr.  Wilson, 
that  iron  bridges  give  way  materially  from  deterioration  or  wearing- 
out,  but  considered  that  the  troubles  are  occasioned  by  overloading  or 
by  defective  design  or  construction.  There  were  bridges  constructed 
on  the  Pittsburg  Division  of  the  Pennsylvania  Railroad,  when  it  was 
first  built,  which  were  loaded  above  the  original  estimates  at  least  50% 
for  15  to  20  years,  but  they  withstood  the  extra  service  without  any 
difficulty.  They  were  subsequently  doubled  up  and  used  for  a  num- 
ber of  years,  and  finally  stone  bridges  were  put  in  their  place.  Mate- 
rial taken  from  these  old  bridges  after  20  years  of  service  was  found 
on  testing  to  have  suffered  no  deterioration  of  any  nature.  During 
the  civil  war  there  was  frequently  occasion  to  estimate  the  increased 
loads  which  the  Pennsylvania  system  of  bridges  would  sustain  safely, 
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Mr.  Wilson,  a i i.l  the  speaker  often  bad  no  hesitation  in  allowing  an  overloading 

60  per  cent.  There  were  many  plate  girder  bridges  <>f  various  spans, 
with  depths  of  5  to  5]  ft.  They  were  buill  of  verj  thin  material,  the 
webs  being  only    ,;,.  in.  thick,  and   the  verticals  of  oasl  iron,  held  by 

three  bolts,  acted  merely  as  separators  between  the  upper  and  Lower 
flanges.  Although  these  bridges  rendered  good  service  for  many 
years,  they  could  not  have  withstood  rigid  scrutiny  under  the  present 
rules  for  calculating  such  structures. 


CORRESPONDENCE. 


Mr.  Stanwpod.  James  H.  Stanwood,  M.  Am.  Soc.  C.  E. — Near  the  end  of  the  paper 
the  following  statement  appears:  "  There  is  no  doubt  that  modern  steel 
bridges  are  practically  permanent  so  long  as  they  are  properly  main- 
tained *  *  *  '  It  is  the  object  of  the  following  notes  to  emphasize 
by  mentioning  some  actual  cases  of  neglect  the  importance  of  protecting 
iron  and  steel  structures  against  rust. 

Many  articles  have  been  written  in  recent  years  pointing  out  in  no 
uncertain  manner  the  grave  dangers  to  which  metallic  structures  are 
subjected  by  corrosion,  yet  instances  are  not  lacking  where  authors 
have  expressed  the  opinion  that  these  dangers  are  greatly  overesti- 
mated and  that  they  do  not  call  for  serious  consideration. 

The  well-known  experiments  of  Mr.  Mallet,  of  England,  made  as 
early  as  1840,  show  that  good  iron  will  lose  in  thickness  in  100  years, 
0.215  in.  in  clear  sea  water,  0.404  in.  in  foul  sea  water,  and  0.035  ins. 
in  clear  fresh  water. 

While  it  is  held  by  some  that  sea  water  is  a  very  active  corrosive 
agent,  others  have  observed  that  iron  rusts  no  faster  in  clear  sea  water 
than  in  the  air  of  a  smoky  city.  Foul  water  is  one  of  the  most  active 
agents  of  corrosion,  as  the  writer  has  observed  in  the  case  of  certain 
beams,  etc.,  used  in  connection  with  drainage  works.  Drippings  of 
brine  from  refrigerator  cars  have  caused  much  trouble,  rusting  rapidly 
parts  of  the  bridges  over  which  they  pass. 

Smoke  from  locomotives,  causing  serious  rusting  of  overhead 
bridges,  roofs  of  round-houses,  train-sheds,  etc.,  is  one  of  the  most 
important  elements  against  which  the  bridge  engiDeer  has  to  contend. 
Just  what  is  the  cause  of  the  corrosion  is  not  fully  agreed  upon. 
Many  (including  the  writer,  who  has  found  sulphate  by  chemical  tests 
in  rust  caused  by  smoke  fumes)  believe  that  the  sulphur  in  the  coal 
is  changed  by  combustion  to  sulphurous  acid,  which  is  transformed  in 
the  presence  of  exhaust  steam  to  sulphuric  acid,  which,  though  weak, 
certainly  does  have  a  very  destructive  effect,  especially  if  confined 
more  or  less   and  allowed  to  remain  in  contact  Avith  iron  or  steel. 
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Others  consider  that  the  immense  volume  of  carbonic  acid  gas  emitted  Mr.  Btanwoori 
by  the  locomotives  is  the  active  agent   of  corrosion.     Whatever  the 
cause,  the  fact  remains  that  locomotive  fames  are  a  serious  menace  to 
the  life  of  iron  or  steel  structures. 

The  following  extreme  instances  have  recently  come  under  the 
writer's  notice  and  may  be  of  interest : 

In  1867  the  late  E.  S.  Philbrick,  M.  Am.  Soc.  C.  E..  constructed  a 
plate  girder  highway  bridge  in  Boston.  Mass..  carrying  a  street  over 
an  important  railroad.  The  bridge  crossed  a  part  of  the  yard  includ- 
ing certain  tracks  on  which  a  large  amount  of  shifting  was  done, 
consequently  the  under  part  of  the  bridge  was  seldom  free  from  smoke 
fumes,  since  the  floor  was  so  made  and  the  location  was  such  that  there 
was  little  chance  for  the  smoke  to  clear.  The  head-room  was  a  little 
more  than  II  ft.  When  the  bridge  was  erected  it  was  painted  with 
zinc  paint  covered  with  two  coats  of  mineral  paint.  So  far  as  is  known 
this  bridge  was  not  painted  for  20  years,  when  it  was  thoroughly 
examined  and  cleaned,  and  a  coat  of  red  lead  applied  to  the  corroded 
portion.  At  that  time  the  bridge  was  so  badly  rusted  in  spots  that  its 
safety  was  considered  doubtful.  In  1889  it  was  removed  and  the 
writer  had  an  opportunity  to  obtain  several  pieces,  illustrations  of 
which  are  presented  in  Plate  A'. 

Fig.  1  represents  a  portion  of  the  lower  flange  of  a  main  girder  at 
the  abutment.  Fig.  2  is  an  end  view  of  the  same  specimen.  The  angle 
irons  were  originally  3|x3|x|  ins.,  with  an  area  of  about  2.48  sq.  ins. 
each.  The  area  of  the  most  corroded  angle  is  1.33  sq.  ins.,  showing  a 
maximum  loss  in  22  years  of  46.4%,  an  average  of  2.1°q  per  year.  The 
area  of  both  angles  at  the  same  section  after  corrosion  was  3  sq.  ins.. 
a  loss  in  22  years  of  39.5,%,  or  an  average  of  1.8y°o  per  year.  Fig.  3 
represents  a  section  of  the  web  of  the  main  girder,  showing  a  perfora- 
tion by  rusting.  This  web  was  originally  -i-  in.  thick.  Fig.  I  shows 
a  batten  which  was  exposed  to  the  fumes  all  these  years;  originally  as 
thick  as  the  web,  it  is  now  nearly  perforated.  The  protection  afforded 
by  the  rivet  heads  can  be  clearly  seen. 

These  examples  may  be  considered  as  extreme  cases  of  rusting,  for 
probably  no  bridge  is  ever  likely  to  be  more  abused  than  this  one  was 
by  neglect. 

A  few  hundred  feet  from  this  bridge  was  another  crossing  the  same 
railroad.  It  was  a  Boles  patent  bridge  of  a  complex  construc- 
tion, built  in  1861-65  and  removed  in  1890.  Fig.  5  represents  a  portion 
of  a  cable  of  seven  strands,  each  strand  composed  of  seven  wires  of 
No.  6  Am.  W.  G.  This  cable,  which  was  not  in  the  original  patent. 
was  provided  with  screw  adjustments  and  was  doubtless  added  to 
strengthen  the  lower  chord.  It  was  entirely  eaten  away  as  shown,  at 
a  point  over  one  track,  in  certainly  less  than  25  years.  Fig.  6 
shows  the  end  connection  of  a  truss  rod  for  a  wooden  floor  beam.     The 
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Mr  stanwood.  uprighl  pieoe  in  the  vie^f  was  originally  l,  i  ,  Ins.,  or  0.55  sq.  in.  in 
area,  and  now  its  area  is  0.26  Bq.  in.,  or  a  loss  <>t'  52.7,%  m  25  yean,  an 
average  of  2 .1 ",,  per  year.  Fig.  7  represents  two  hanger  bolts  origin 
ally  l  in.  in  diameter.  The  presenl  area  ;it  tin-  smallesl  diametei  i 
0.87  si[.  in.,  a  loss  of  52.2%  in  25  years,  an  average  of  2.1%  per  year. 
Pig.  s  is  a  view  of  still  another  bridge  in  tin1  same  neighborhood, 
existing  nnder  similar  conditions.  The  large  hole  in  the  web  can  In- 
seen. 

The  above  illustrations  may  be  a  better  argument  than  words  in 
favor  of  careful  and  frequent  inspection,  and  the  application  of  the 
best  preservative  materials  to  exposed  iron  and  steel  in  engineering 
structures.  It  will  not  be  disputed  that  a  large  part  of  the  lives  of  the 
bridges  mentioned  in  connection  with  the  illustrations  was  wasted  by 
neglect. 
Mr.  Bates.  Onwabd  Bates,  M.  Am.  Soc.  C.  E. — The  life  of  an  iron  bridge  will 
be  definitely  known  when  some  of  them  have  worn  out  under  the  con- 
ditions of  usage  for  which  they  were  designed.  The  writer  does  not 
know  of  any  iron  bridges  which  have  failed  under  such  usage,  except 
such  as  would  be  thrown  out  of  this  discussion  on  account  of  faulty 
design  or  workmanship.  The  author's  statement  that  iron  bridges 
properly  cared  for  and  not  overloaded  should  last  indefinitely  is  war- 
ranted by  the  lack  of  contrary  evidence,  and  since  a  limit  to  the  life  of 
many  iron  bridges  has  been  found,  he  naturally  looks  to  the  cause  of 
the  limitation,  and  finding  it  to  consist  in  excessive  loading,  he  draws 
the  logical  conclusion  that  the  life  of  a  bridge  is  to  be  measured  by  the 
amount  of  increase  in  loads.  Engineers  who  have  charge  of  the  main- 
tenance of  railway  bridges  can  appreciate  that  conclusion,  for  the  in- 
crease in  weight  of  rolling  stock  constantly  brings  up  questions  of  the 
strength  of  existing  bridges. 

These  questions  will  recur  so  long  as  rolling  stock  is  designed  with 
no  other  consideration  than  to  obtain  the  maximum  pulling  power  of 
engines  and  carrying  capacity  of  cars.  In  determining  the  probable 
ultimate  strength  of  an  iron  bridge,  the  author's  conclusion  that 
loads  may  be  increased  to  80%  or  90%  beyond  what  the  bridge  was  de- 
signed to  carry  is  well  enough  for  the  net  sections  of  the  principal 
members  ;  and  he  properly  adds,  in  the  same  sentence,  and  by  way  of 
conclusion,  "that  while  these  main  members  may  be  reasonably 
safe,  the  structure,  depending  as  it  does  upon  other  features  as  well  as 
its  main  members,  may  be  treacherous."  It  is  these  "  other  features  " 
which  cause  the  engineer  of  maintenance  to  have  uneasy  dreams,  and 
as  each  of  them  is  a  problem  which  requires  separate  treatment,  no 
general  formula  can  be  given  for  the  life  of  an  iron  bridge.  The  prob- 
lem that  engineers  are  most  interested  in  is  to  obtain  the  longest  ser- 
vice from  bridges,  and  the  writer  ventures  the  following  remarks, 
giving  some  of  the  causes  which  tend  to  shorten  the  life  of  a  bridge, 
and  some  of  the  means  which  may  be  taken  to  prolong  it. 
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Tli-  dye  loads  to  be  provided   for  may  be  classed  as  regular  Mr.  i. 

and  unusual.     Regular  loads  are  heavy  locomotiv.  b  and  Loaded  cars  in 

the  regular  service  over  the  line  upon  which  the  bridge  is  located 
Unusual  loads  are  exjjerimental  locomotives,  locomotive.-  in  transit  as 
freight,  rotary  snow  plows,  unusually  heavy  loads  of  boilers,  machin- 
ery, stone,  etc..  and  bad  loading  of  cars,  throwim  rive  loads  upon 
the  trucks.  It  is  not  the  weight  of  a  train  which  puts  the  maximum 
stress  upon  the  main  members  of  a  bridge  that  is  to  be  feared,  but 
rather  the  local  loads  which  bring  the  maximum  stresses  upon  the 
••  other  features."  What  is  probably  one  of  the  worst  cases  of  local 
loading  is  a  locomotive  hauled  "  dead."  with  driving  wheels  uncoupled 
and  hammering  the  track  at  every  revolution.  The  "  other  featui 
in  bridges  which  are  to  be  watched  can  scarcely  be  enumerated,  for 
they  are  to  be  summed  up  in  the  phrase  ••  details  and  connections." 

The  statement  that  the  best  design  is  the  one  which  gives  the  great - 
trength  and  durability  will  apply  with  full  force  to  bridges  which 
are  to  be  built,  but  only  to  a  limited  extent  to  existing  bridges.  With 
bridge  iron  at  840  per  ton,  there  is  no  excuse  for  building  bridges  in 
which  there  will  be  loose  rivets  or  other  weak  spots,  under  even  exces- 
sive service.  Unfortunately  the  proportions  of  existing  bridges  stand  in 
the  way  of  adding  material  ad  libitum,  but  in  many  cases  it  is  possible 
to  strengthen  the  weak  portions  of  an  existing  bridge  and  greatly 
increase  its  life.  How  to  do  this  can  only  be  determined  by  a  study  of 
the  bridge  in  question.  A  bridge  may  be  strengthened  while  in  service 
by  reinforcing  its  members,  by  adding  members,  and  by  cushioning 
those  members  which  are  subject  to  sudden  loading.  To  illustrate  the 
latter  method  of  strengthening,  the  writer  may  instance  the  applica- 
tion of  heavy  fir  stringers  of  two  panel  lengths  and  breaking  joints 
over  the  floor-beams  of  some  light  truss  bridges.  These  timber  floors 
absorb  impact  effects,  as  well  as  distribute  the  rolling  load,  and 
the  comparative  smoothness  of  riding  over  them  is  very  noticeable. 
The  cushioning  effect  of  timber  floors  and  wall  plates  is  very  beneficial, 
and  these  are  often  worth  more  than  the  cost  simply  as  cushions. 

Since  the  author  has  drawn  some  deductions  from  a  statement  by 
the  writer,  giving  working  stresses  in  pine  stringers,  the  latter  thinks 
proper  to  take  exception  to  the  former's  statement,  that  in  fixing  the 
section  of  pine  stringers  it  is  absurd  to  consider  and  provide  for  the 
future  possibility  of  decay.  On  the  contrary,  he  deems  it  more 
reasonable  to  provide  for  the  decay  which  is  sure  to  occur  than  to  put 
an  excess  of  section  in  an  iron  bridge  to  provide  for  a  future  load 
which  is  only  a  probability.  Timber  stringers  cannot  be  renewed  with 
economy  as  soon  as  they  begin  to  deteriorate.  The  author's  figures. 
'•  unit  stress  on  extreme  fibers  ;  white  pine,  1  600  lb-. ;  long  leaf  yel- 
low pine,  1  800  lbs.,"  are  safe  for  "timber  beams  free  from  loose  or 
rotten  knots  and  in  sound  condition.*'     But  it   must  be  remembered 
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Mr. Bates,  thai  timber  is  nol  made  bj  a  meohanioal  or  chemical  process,  thai  it 
is  a  Datura]  producl  and  must  be  taken  ae  LI  and  in  proportion- 

Lng  bridge  stringers  it   Lswell  bo  consider  fche  primary  defects  of  the 

material,  such  as  knots,  shakes  and  sap,  and  the  defects  occurring  in 
Service,  BUOh    as    season    checks    and    decay,  and     provide    an    excess    of 

material  to  compensate  for  deficiencies. 
Mr.  Purdoo  0.  D.  Pukdon,  M.  Am.  Boo.  C.  E. — The  title1  of  the  paper  might 
read,  "  How  much  will  iron  bridges  carry  safely  over  ami  above  the 
loads  they  are  supposed  to  be  designed  for?''  as  this  is  what  the 
author  investigates,  and  his  conclusion  would  seem  to  be  that  when 
the  loads  have  reached  above  what  might  he  carried  safely  perma- 
nently, it  is  time  to  renew  the  bridge.  The  object  of  the  paper  is  thus 
to  ascertain  what  strain  may  be  safely  carried  by  the  material  used  in 
the  bridge,  and  also,  what  strains  a  certain  weight  of  engine  will  pro- 
duce. The  latter  part  seems  to  be  the  more  important,  as  it  is  recog- 
nized that  an  engine  moving  over  a  bridge  will  produce  strains  much 
in  excess  of  what  would  be  produced  by  the  same  engine  at  rest. 

The  author  says  that  there  is  considerable  doubt  in  the  minds  of 
practical  bridge  men  as  to  the  assumption  that  a  suddenly  applied 
load  produces  about  twice  the  stress  that  the  same  load  would  produce 
at  rest,  but  some  good  authorities  are  satisfied  that  it  is  so,  neverthe- 
less. A  paper  by  George  S.  Morison,  M.  Am.  Soc.  C.  E.,  which  the 
writer  has  not  at  hand,  but  quotes  from  memory,  concludes  that  the 
manner  of  balancing  the  driver  of  an  engine  can,  at  high  speeds, 
cause  twice  the  stress  it  would  at  low  speeds.  C.  C.  Schneider.  M.  Am. 
Soc.  C.  E.,  provides  in  a  late  specification  a  graduated  table  of  impact 
to  be  added,  running  almost  as  high  as  100%  on  short  spans,  and 
S.  W.  Robinson,  M.  Am.  Soc.  C.  E. ,  in  his  report  to  the  Ohio  Railroad 
Commissioners,  1884-85,  comes  to  the  conclusion  that  all  spans  should 
have  not  less  than  50%  added  for  impact,  unless  the  truss  were  so  de- 
signed as  to  avoid  vibration. 

The  writer  knows  of  some  floor  beams  of  white  pine  which  have  car- 
ried 1  600  lbs.  stress  for  years  and  which  are  still  in  good  condition, 
and  1  250  lbs.  is  often  used  for  trestle  stringers,  but  J.  B.  Johnson, 
M.  Am.  Soc.  C.  E.,  in  his  tests  for  the  United  States  Government 
found  a  variation  of  nearly  100%  in  the  sticks  cut  from  the  same  tree. 

The  load  proposed  for  plate  bridges   is  13  000  (  1  -| )  ,  and 

\  max.  / 

taking  the  example  he  gives  of  an  old  girder  (page  303)  this  expression 
would  give  13  000  (1  +  iMro)  =  14  040  lbs.  for  the  allowable  strain. 
This  bridge  was  already  carrying  19  650  lbs.  and  was  in  good  con- 
dition. Professor  Robinson  in  his  report  above  quoted  considers  that 
15  000  lbs.  could  be  used.  If  all  of  the  strains  could  be  accounted 
for,  the  unit  strain  could  approach  very  much  closer  the  elastic  limit 
of  the  material  than  now  allowed. 


CORRESPONDED  E    02S     LIFE   <>I     RAILROAD    BRIDG]  315 

The  writer  has  lately  investigated  the  effect  of  a  rolling  load  50%  Mr.  Purdo 

above  that  specified.     In  the  end  post,  to  increase  the  load  id 

allow    nothing   for  impact   wonld    cause   a    Btress   of  s  600   lbs.    per 

square  inch,  while  to  make  the  same  increase  and  add  100%  to  the 
increased  load  for  impact  would  cause  a  strain  of  15  460  lbs.  per 
square  inch  on  a  column  which  has  an  ultimate  strength  of  35  486 
lbs.,  according  to  Osborne's  tables.  On  tension  members  of  the  web, 
adding  50%  to  the  moving  load  and  neglecting  impact  gives  13  715  lbs. 
per  square  inch,  and  adding  100%  to  this  increased  load  for  impact 
gives  24  930  lbs.  per  square  inch.  On  the  bottom  chord,  adding  50% 
as  before,  gives  13  945  lbs.  per  square  inch.,  and  adding  100%  to  this 
gives  25  000  lbs.  per  square  inch.  For  the  bottom  flange  of  floor  beam-, 
adding  50%  gives  15  000  lbs.  per  square  inch,  and  adding  100%  for 
impact  gives  27  900  lbs.  per  square  inch.  The  material  is  soft  and 
medium  steel  with  an  elastic  limit  of  30  000  and  35  000  lbs. 

An  examination  of  the  New  York  Railroad  Commissioners*  report  on 
bridge  strains,  published  in  1891,  shows  that  Howe  truss  rods  carried 
1±  000  lbs.,  lattice  girders  had  angles  under  a  tension  of  10  300  lbs., 
and  trusses  had  tension  members  of  the  web  at  13  000  lbs.,  and  counters 
as  high  as  15  000  lbs.  per  square  inch.  In  one  or  two  cases,  counters 
ran  as  high  as  30  000  lbs.  per  square  inch,  but  these  must  have  been 
slack. 

The  author  confines  himself  to  bridges  lately  built,  but  it  seems  to 
the  writer  that  the  question,  ; ;  Will  the  bridge  carry  engines  50%  heavier 
than  it  was  designed  for  ?"  is  more  likely  to  be  asked  about  old  than 
new  bridges,  at  least  of  the  present  generation  of  bridge  engineers. 
It  has  been  the  writer's  experience  that  in  old  bridges  when  calculated 
for  present  loads,  the  trusses  show  up  fairly  well  excepting  the  hip 
vertical,  and  the  weakest  parts  are  the  floor  and  its  connections,  so  that 
each  bridge  would  have  to  be  examined  for  its  weakest  point  before  the 
question  could  be  answered,  and  as  the  weakest  point  governs  the 
bridge,  so  does  the  weakest  bridge  govern  the  division.  Almost  any 
road,  except  a  very  new  one,  is  likely  to  have  bridges  for  many  differ- 
ent loads,  and  the  question  of  what  engines  can  be  used  will  depend 
more  on  the  old  bridges  than  on  the  new  ones.  Figures  alone  will  not 
be  sufficient,  for  the  physical  condition  of  the  bridge  should  be  ascer- 
tained in  addition  to  knowing  what  the  shear  and  bearing  per  rivet 
is  in  a  connection.      The  condition  of  the  rivets  should  also  be  known. 

G.  B.  Hazuehtrst,  M.  Am.  Soc.  C.  E. — The  paper  brings  up  a  sub-  Mr.Haziehmst 
ject  which  caused  the  writer  many  hours  of  anxious  thought  when 
in  charge  of  a  large  number  of  old  bridges,  most  of  them  seriously 
overstrained.  The  question  as  to  what  limit  of  strain  should  be 
allowed  in  different  members  before  condemning  the  structure  is  one 
that  has  received  a  great  deal  of  attention  on  his  part.  In  connection 
with  the  late  James  L.  Randolph.  M.  Am.  Soc.  C.  E..  it:  was  rinalh  de- 
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Ifr.Hazlehurel  t»  rmined  that  the  admissible   increase  in   strain   in  a  bridge  that  was 
otherwise  in  good  oondition  might   l»«'  placed  at   "><>"„'  above  the  unit 

st  rain  usual  I  v  considered  as  a  I  low  a  I  ill'  with  the  o|(|inar\   tact  or  of  Sfljf et y 

of  five;  or  to  place  it  more  plainly,  assuming  the  safe  strain  to  be  10  000 
ll»s.  per  square  inch  [or  tension  members,  the  limit  was  fixed  at  L6  out) 
lbs.  per  square  inch,  up  to  which  point  a  membei  was  allowed  to  do  its 
daily  duty  without  either  strengthening  oi  condemning  the  structure 
as  too  old.  For  compression  members,  the  allowable  st  rain  per  square 
inch  usually  given  by  the  ordinary  compression  formulas,  with  an  in- 
crease of  50%,  was  the  limit  fixed  upon.  After  these  strains  were 
reached,  a  structure  was  usually  trestled  or  strengthened  temporarily 
if  possible,  awaiting  its  turn  for  replacement.  Under  this  system,  the 
writer  carried  many  old  bridges  for  several  years  without  a  single 
accident  of  any  kind  and  with  entire  safety,  proving  to  his  own  mind 
that  the  limit  fixed  was  well  within  the  limit  of  safety  and  of  fairness 
to  his  company. 

A  nice  point  is  before  an  engineer  when  he  decides  such  a  question ; 
he  does  not  wish  to  run  any  risks  as  regards  destruction  of  property  or 
loss  of  life,  and  at  the  same  time  it  is  important  that  his  company 
should  be  put  to  no  unnecessary  expense.  Observation  of  a  structure 
under  load  usually  influences  an  engineer  in  diagnosing  the  case  be- 
fore him,  quite  as  much  as  the  general  appearance  of  a  patient  influences 
the  treatment  prescribed  by  a  doctor.  The  writer  has  seen  bridges 
show  elasticity  and  stiffness  under  loads  straining  the  tension  mem- 
bers as  high  as  18  000  to  20  000  lbs.  per  square  inch  and  the  compres- 
sion members  in  about  the  same  proportion,  while  other  bridges  of  in- 
ferior design  would  not  show  as  well  with  a  stress  50%  less;  conse- 
quently, observation  is  quite  important  in  addition  to  an  analytical 
determination  of  the  stress  in  a  structure.  The  writer  is  of  the  opinion 
that  engineers  to-day  become  a  little  timid  as  soon  as  the  usual  factor 
of  safety  is  exceeded.  He  has  known  bridges  to  carry  a  heavy  traffic 
for  many  years  with  entire  safety,  with  a  unit  stress  that  would  horrify 
a  man  not  familiar  with,  or  one  who  was  not  accustomed  to  watch,  the 
behavior  of  structures  under  heavy  loads. 

With  reference  to  the  point  brought  up  in  the  paper  in  regard  to 
deflection  of  bridges  under  static  loading  and  under  rapidly  moving 
loads,  the  experience  of  the  writer  agrees  with  the  author's  views. 
Some  years  ago,  the  late  James  L.  Eandolph,  M.  Am.  Soc.  C.  E. ,  ex- 
perimented with  a  span  of  about  100  ft.  length,  placing  on  the  struct- 
ure an  engine  and  train  load,  and  observing  the  deflection  while 
standing.  The  train  was  then  run  across  the  bridge  at  varying  speeds, 
and  at  a  speed  of  about  30  miles  an  hour  the  deflection  noted  was  only 
about  one  half  of  that  shown  when  standing.  The  writer  has  not  the 
exact  data  to  refer  to  in  the  case,  but  the  results  were  substantially  as 
stated,  and  the  probable  reason  for  them  was  that  it  takes  time  for  the 
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•-trains  to  be    diffused    through    a    structure:  a  train   rapidly  rushing  Mr.Hazleli 
across  a  bridge  does  not  really  give  time  for  all  the  members  to  be 
sufficiently  affected  simultaneously  to  produce  a  maximum  result. 

M.  E.  Yeatman.  B£  Am.  B  I  E. — Some  remarks  giving  for  com-  Mr.  Yeatman. 
parison  the  experience  and  practice  of  the  railroad  with  which  the 
writer  is  connected  may  be  of  interest  as  bearing  out  in  the  main  the 
conclusions  in  the  paper.  The  weight  of  the  locomotives  of  the  Nor- 
folk and  Western  Railroad  Company  has  increased  during  the  last  20 
years  in  a  very  similar  ratio  to  that  on  the  Baltimore  and  Ohio  system. 
This  increase,  and  not  any  actual  defect  or  wearing  out,  has  limited 
the  life  of  the  iron  bridges. 

The  oldest  bridge  still  in  service  as  originally  constructed  was  built 
in  1878.  The  strains  in  this  bridge  are  about  up  to  the  assumed  limits 
of  safety  as  stated  below,  but  the  structure,  which  is  a  Warren  truss 
with  all  the  members,  tension  as  well  as  compression,  of  rigid  forn- 
remarkably  stiff  and  free  from  vibration,  and  shows  no  signs  of  weak- 
ness. Another  bridge  of  the  same  date,  a  deck  Warren  truss,  has  had 
the  top  chords  reinforced  on  account  of  the  strains  from  bending  and 
compression  combined  passing  the  limit  laid  down,  otherwise  the 
trusses  are  in  service  as  built. 

Bridges  built  in  1880  were  designed  for  consolidation  engines  with 
20  000  lbs.  on  each  axle,  and  are  still  in  service,  though  not  allowing 
much  margin  for  any  further  increase  of  rolling  loads. 

Bridges  built  in  1884  were  designed  for  loads  of  24  000  lbs.  per  axle: 
those  built  in  1889.  for  30  000  lbs.  per  axle:  those  in  1891  and  since. 
for  34  000  lbs.  per  axle,  or  40  000  lbs.  on  each  of  two  axles,  this  last 
specification  giving  a  margin  of  from  Q%  to  \0%  over  the  heaviest 
engines  in  actual  use. 

The  iron  bridges  of  earlier  date  than  1878  in  service  on  this  system 
have  been  strengthened  in  all  cases,  or  doubled  up  by  putting  three 
or  four  trusses  in  place  of  two  to  a  track,  or  else  are  supported  by 
trestles  at  two  or  more  panel  points.  The  general  rule  adopted  for  a 
guide  in  this  matter  has  been  to  strengthen  or  replace  bridges  when- 
ever the  strains  on  truss  members,  under  the  heaviest  engines,  exceed 
by  more  than  o0%  those  allowed  by  specifications:  plate  girders,  when 
they  exceed  15  000  lbs.  j^er  square  inch  on  net  section  in  tension:  and 
stringers  (yellow  pine),  when  they  exceed  2  000  lbs.  per  square  inch. 
Of  course  room  is  allowed  for  judgment.  Individual  cases  and  several 
plate  girder  bridges  showing  less  than  the  above  strains  have  been  tres- 
tled  on  account  of  visible  permanent  deflection,  due.  probably,  to 
defective  work  in  the  riveting. 

On  inns,  as  calculated  for  bending,  and  on  the  bearing  area  of  rivet-. 
somewhat  more  latitude  has  been  allowed,  as  is  justified  by  the  ob- 
served facts  on  a  bridge  in  Pennsylvania  (since  replaced),  which  car- 
ried for  years  without  visible  ill  effect  loads  producing  a  calculated 
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Air.  Yeatman.  pressure  on  fche  bearing  area  of  rivets  in  webs  of  floor  beams  I  in.  fchics 
of  86  000  to  40  000  lbs.  per  square  inch,  and  a  Btrain  equal  to  82000 
ll)s.  per  square  mcli  when  oaloulated  in  fche  regular  way.  It  is  hardly 
to  be  supposed  that  this  strain  was  actually  borne  by  the  pins,  bul  it 
could  only  have  been  avoided  by  a  rery  unequal  distribution  of  strain 
between  fche  chord  eye-bars,  or  over  fche   Burface  of  fche  eye-bar  pin 

hohs. 
Mr.  LeConte         L.  J.  Le  Conte,  M.  Am.  Boc.  C.  E. — The  life  of  a  railroad  bridge 
depends  upon  how  rapidly  the  future   weights  of  engines  and  train 
Loads  are  increased  over  and  above  those  assumed  at  the  time  of  its 
construction.      This    is    a    problem   which    is    becoming    more    and 
more  important  each  year.     It  is  a  serious  question  for  the  engineer  to 
face,  for  the  reason  that  this  increase  in  the  live  load  is  a  matter  which 
is  largely  beyond  his  control.     The  author  calls  attention  to  the  surplus 
iron  in  existing  bridges,  as  proved  by  the  great  increase  in  engine  and 
train  loads  without  serious  results,  and  comes  to  the  conclusion  that 
there  has  been  a  waste  of  material  in  the  original  design.     The  infer- 
ence to  be  drawn  is  that  there  is  too  wide  a  margin  between  safe  stresses 
and  dangerous  stresses.      In  the  case  of  heavy  bridges  snch  as  the 
Forth  Bridge,  the  dead  load  is  the  only  factor  used  in  determining  the 
size  of  members,  the  live  load  effect  being  a  nonentity.     Here  the  engi- 
neer can  estimate  with  considerable  certainty  the  point  where  danger- 
ous stresses  begin.     On  the  contrary,  in  the  case  of  light  bridges  the 
live  load  is  the  controlling  feature  in   fixing  the  safe  stress  nnit,  and 
here  is  just  where  the  great  discordance  in  practice  comes  in.     The 
man  is  not  born  yet  who  can  deduce  a  definite  expression  which  will 
give  even  a  rough  approximation  for  determining  the  relation  between 
the  live  load  effect  and  its  equivalent  dead  load.     All  the  useful  knowl- 
edge on  this  subject,  worthy  of  the  name,  is  that  obtained  from  actual 
experience    and    observation    on    existing    bridges.     Of    course    the 
results  obtained  are   more  or  less  conflicting,  but  it  is  the  best  and 
only  trustworthy  information.     By  the  nature  of  things  this  knowl- 
edge is  purely  empirical,  and  empirical  formulas  are  notoriously  dan- 
gerous tools  to  play  with.     Hence  it  is  practically  impossible  to  say, 
in  the  case  of  light  bridges,  where  the  point  of  safety  ends  and  danger 
begins;  there  is  necessarily  a  wide   and  uncertain  interval.     In  such 
cases  the  unit  stress  adopted  must  be  nothing  more  than  an  intelligent 
guess.     The  author's  reflections  are  quite  right  when  directed  against 
present  practice  as  applied  to  heavy  bridges,  but  the  writer  is  not  at 
all  prepared  to  admit  the  fairness  of  his  remarks  when  applied  to  safe 
stresses  for  light  bridges. 
Mr.  Katte.        AY  alter  Katte,  M.  Am.  Soc.  C.  E. — As  types  of  the  long  span  lat- 
tice bridges  on  the  New  York  Central  Railroad,  mentioned  by  Mr. 
Clarke,  the  writer  has  selected  three  representative  spans.     They  were 
built  before  his  connection  with  the  road,  and  the  following  informa- 
tion was  obtained  from  the  records  of  the  office. 
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Bridge  No.  381,  Mohawk  Division,  over  Erie  Canal  at  Schenectady.   Mi    Kattf. 
This  bridge  is  a  multiple  intersection  lattice  riveted  truss  of  155  ft. 
clear  span;  depth  of  truss,  20  ft.     It  is  divided  into  23  panels  of  6  ft. 

8J  ins.  each.  The  floor  system  consists  of  9-in.  X  beams  about  2±  ft. 
apart,  suspended  from  the  truss  bottom  cords  by  four  rivets  of  1  in. 
diameter,  in  direct  tension.  It  was  built  in  1866  and  was  strengthened 
in  18SS  at  a  cost  of  81  160  for  labor  and  materials. 

Bridge  No.  578,  Mohawk  Division,  over  the  Erie  Canal  at  Canastota. 
The  spans  of  this  bridge  carrying  the  two  freight  tracks  Nos.  3  and  4 
were  built  in  1864  and  re-inforced  in  1889.  This  span  is  128  ft.  in 
length  with  20  ft.  depth  of  truss.  It  consists  of  one  center  and  two 
outside  trusses,  each  containing  11  panels  of  10  ft.  each,  and  two  of  8 
ft.  11  ins.  each.  The  greatest  stress  per  square  inch,  as  reported  in  the 
Railroad  Commissioners'  report  of  1891  on  bridge  strains,  is  11  300  lbs. 
per  square  inch. 

Bridge  No.  597,  Western  Division,  over  Erie  Canal  at  Syracuse. 
This  is  a  multiple  intersection  riveted  lattice  span,  130  ft.  in  total 
length,  and  118  ft.  clear  span,  with  20  ft.  depth  of  truss.  It  carries 
three  tracks  supported  by  four  trusses.  The  tracks  are  carried  on 
transverse  X  beams  which  are  suspended  from  the  trusses  by  four 
rivets  attached  to  each  truss,  the  load  being  suspended  by  direct  ten- 
sion on  the  heads  of  the  rivets.  It  was  built  in  1861  and  was  never 
strengthened  until  this  year.  It  is  now  undergoing  a  process  of  re- 
inforcement. The  stresses  in  certain  members  before  strengthening- 
were  as  high  as  16  000  lbs.  per  square  inch,  yet  it  never  exhibited  any 
serious  signs  of  weakness.  The  floor  system  is  typical  of  bridges  built 
at  that  date  on  the  New  York  Central  road,  and  would  no  doubt,  if 
designed  at  the  2^>i'esent  day,  call  out  considerable  adverse  criticism; 
nevertheless  it  has  stood  the  test  of  34  years  of  hard  service,  increased 
by  being  supported  by  weak  and  failing  abutments,  without  requiring 
any  of  the  rivets  to  be  re-riveted,  and  the  annual  reports  of  the  bridge 
inspector  do  not  mention  the  detection  of  any  loose  or  defective  rivets. 

The  writer  thinks  there  is  no  doubt  but  that  Mr.  Clarke  correctly 
conceived  the  reason  that  this  type  of  truss  has  shown  so  good  a  record, 
namely.  ••  diffusing  the  strains  over  a  large  number  of  points  rather 
than  concentrating  them  on  a  few."  From  long  observation  of  the 
bridges  on  the  New  York  Central  Railroad,  he  has  arrived  at  the 
opinion  that  solidly  riveted  lattice  girders  unquestionably  give  the 
best,  safest  and  most  durable  service  for  such  constant  and  heavy 
traffic  as  that  required  by  the  New  York  Central  system,  and  especially 
so  in  cases  where  the  masonry  support  is  not  of  the  best.  He  con- 
siders the  riveted  lattice  girder,  with  a  modern  solid  floor  track  system, 
as  the  ideal  railway  bridge  of  the  present  day,  up  to  spans  not  exceed- 
ing 200  ft.  Beyond  that  length  of  span,  economy  indicates  the  desir- 
ability of  using  pin-connected  tension  web  members  and  lower  chord 
bars. 
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Mr.  Pegram.  Geo.  H.  IY.oi.-wi.  M.  Am.  Sue.  c.  E.  —  It  is  the  prime  duty  of  the 
engineer  fco  Bave  money  in  maintenance  and  construction,  bui  it  Is  liis 
highest  obligation  to  insure  safety,  and  to  the  conscientioi  aeer 

b  proper  balance  of  these  conflicting  motives  causes  a  great  deal  oi 
anxiety,  [n  designing  a  bridge,  the  specification  of  unit  stresses  en- 
ables him  to  proportion  the  parts  with  exactness.  It  would  now  seem 
wise  to  ti\  the  Limiting  stresses  governing  the  life  of  the  bridge,  which 
should  be  applied  with  the  same  precision  in  deciding  upon  it--  re- 
moval, ami  it  is  only  by  a  consensus  of  opinion  that  these  Limiting 
stresses  can  he  fixed. 

The  w Titer's  observations  agree  with  those  recorded  in  the  paper  in 
the  extent  to  which  material  has  been  overstrained  with  apparent 
safety.  He  has  known  numerous  cases  where  wood  has  been  used  con- 
tinuously in  stringers  at  a  stress  of  over  2  000  lbs.,  and  where  iron  has 
been  used,  particularly  in  Howe  trusses,  at  a  stress  of  over  20  000  Lbs. 
He  is  inclined  to  agree  in  the  limiting  stresses  which  the  paper  sug- 
gests may  be  used,  but  these  can  hardly  be  expressed  as  a  definite  per- 
centage more  than  the  bridge  was  designed  for,  because  the  str< 
used  in  designing,  as  specified  by  different  engineers,  are  not  uniform. 

The  paper  naturally  brings  up  the  question:  What  stresses  shall  be 
used  in  designing  to  secure  proper  length  of  life  in  a  bridge?  Iron 
bridges  haye  had  unreasonably  short  lives  in  the  past  on  account  of 
the  rapid  increase  in  the  live  loads.  In  future  designs,  special  con- 
sideration should  be  given  to  this  fact.  The  heaviest  engine  weight  on 
the  Union  Pacific  system  increased  over  60%  in  the  ten  years  from  1881 
to  1891.  It  hardly  seems  possible,  however,  that  the  heavy  engines 
and  trains  now  specified  can  be  increased  50%  on  account  of  the  limi- 
tations of  cross-section. 

The  question  raised  as  to  the  effect  of  a  moving  load  compared  with 
a  static  load  must  remain  undecided  until  more  experiments  have  been 
made  on  structures  in  service  to  determine  the  actual  stresses  in  the 
various  members  and  parts  of  members,  and  the  writer  inclines  to  the 
opinion  that  such  experiments  will  modify  considerably  existing  ideas 
with  respect  to  details  as  well  as  to  the  comparative  effects  of  live  and 
dead  loads,  for  it  must  be  admitted  that  some  of  the  "  flimsy  construc- 
tions "  have  given  better  service  than  some  of  the  more  rigid  and 
confidence-inspiring  bulky  constructions. 

A  large  gusset  plate  covered  with  rivet  heads  has  an  appearance  of 
strength  not  always  realized.  Similarly,  the  writer  knows  of  several 
cases  in  which  light  intermediate  posts  and  bars  of  trusses  have  been 
bent  by  being  struck,  and  the  bridge  saved  from  destruction  by  their 
bending  out  of  line,  gradually  arresting  the  load  by  their  deflections, 
whereas  a  large  end  post  has  been  broken  short  off. 

While  improved  materials  and  methods  of  manufacture  might  jus- 
tify an  increase  in  the  unit  stresses  used  in  designing,  engineers  would 
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probably  not  agree  to  much  increase,  and  wisely,  because  the  unit  Mr.  Pegrani. 
stresses  used  20  years  ago  were  founded  on  experiments,  and  the  con- 
clusions drawn  have  been  confirmed  by  subsequent  experience.  The 
evolution  in  specifications  has  been  largely  in  the  line  of  requiring 
more  labor  to  produce  practically  the  same  results.  The  writer  thinks 
it  will  be  generally  admitted  that  safe  limiting  stresses  for  a  dead  load, 
assuming  wrought  iron  as  the  material,  are  15  000  lbs.  tension,  and 
12  000  lbs.  compression,  reduced  by  the  usual  Eankine  column  for- 
mula. 

In  this  connection  the  writer  would  indorse  using  one  formula  for 
all  compression  members,  regardless  of  end  fittings,  which  practice  is 
now  becoming  more  usual,  and  would  make  this  formula  the  Rankine- 
Bouscaren  pin-end  column  formula.  This  formula  is  the  most  theoret- 
ical in  form  of  any  used;  it  was  originally  based  on  experiments  and 
has  been  supported  by  all  subsequent  experiments,  and  the  numerous 
published  tables  make  its  application  as  easy  as  any  other. 

The  straight-line  formula,  which  was  introduced  for  simplicity  of 
application,  seems  to  have  opened  a  field  for  originality  in  the  varia- 
tion of  constants,  which  has  been  so  assiduously  cultivated  that  it  is 
impossible  to  make  tables  which  will  be  of  general  use,  and  some  of 
the  modifications  lead  to  absurd  results. 

It  is  so  much  more  difficult  to  produce  accurate  fittings  with  square 
bearings,  that  in  most  cases  the  members  are  really  weaker  than  those 
with  pin  bearings.  Particularly  is  this  the  case  in  top  chords  where 
the  camber  must  be  taken  out  of  the  bridge  before  the  bearings  are 
theoretically  square.  It  must  also  be  remembered  that  a  top  chord 
will  not  stand  as  much  proportionately  in  a  testing  machine  as  an  in- 
termediate post,  because  the  former  contains  plates  slightly  curved 
between  the  rivets  in  the  process  of  manufacture,  while  the  latter  is 
composed  of  channels  which  do  not  have  this  initial  distortion. 

If  it  were  possible  to  be  certain  of  the  live  load  stresses,  the  unit 
stresses  could  be  made  the  same  as  those  specified  for  the  dead  load, 
but  with  the  doubt  existing  in  respect  to  impact  and  past  experience  in 
the  increase  of  the  loading,  a  margin  must  be  allowed,  based  largely 
upon  opinion.  It  is  certain  that  the  mass  through  which  the  live  load 
stress  is  distributed  will  lessen  its  injurious  effects,  especially  those 
caused  by  unbalanced  parts,  low  joints,  etc.,  and  as  the  mass  is  less 
in  short  spans  than  long  spans,  it  would  seem  reasonable  to  use  the  old 
method  of  making  the  impact  addition  decrease  with  the  length  of 
span.  The  writer  would  suggest  an  addition  to  the  live  load  for  im- 
pact varying  from  50,%"  at  15  ft.  length  of  span  to  10%  at  100  ft.,  this 
percentage  being  added  to  the  stresses  produced  from  the  loading  and 
the  sum  considered  as  equivalent  to  a  stress  from  static  load.  This  is 
substantially  the  best  practice  of  20  years  ago  with  a  reasonable  addi- 
dition  for  increased  speed.     It  would  then  seem  wise  to  allow  a  margin 
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bridge  the  dead  load  stress  would  !><•  taken  as  given  above,  and 
the  live  Load  with  impart  added  al  loooo  lbs.  tension  and  8  000  Lbs. 
compression  reduced  by  the  column  formula.  Where  the  total  stresses 
in  a  bridge  exceed  those  specified  for  dead  Load,  the  bridge  Bhould  be 
replaced. 

These  limiting  stresses  may  seem  conservative,  bul  it  musl  be  con- 
sidered that  it  is  necessary  to  keep  within  the  elastic  limit,  and  the 
distribution  of  stress  through  a  member  or  among  several  meinl><  i 
not  uniform;  posts  may  bear  on  the  corners  only;  of  two  diagonal  ties, 
one  may  carry  all  the  load  or  one  may  be  injured.  The  writer  recalls 
several  cases  where  the  margin  of  strength  has  enabled  a  bridge  to 
carry  t rathe  after  accidental  injury  until  repairs  could  be  made  con- 
veniently, and  the  savings  of  expense  in  such  cases  are  often  very 
large;  but  the  most  cogent  reason  is  that  the  specified  limits  are 
generally  exceeded. 

For  the  purpose  of  comparing  the  unit  stresses  used  in  different 
specifications  with  those  herein  proposed,  the  following  table  has  been 
prepared,  the  stresses  given  being  those  obtained  by  dividing  the  total 
stress  in  a  member  from  dead  and  live  load  considered  as  static,  by 
the  section  obtained  under  the  specifications.  The  specifications  taken, 
which  the  writer  happens  to  have  at  hand,  are,  those  published  in  1890 
by  G.  Bouscaren,  M.  Am.  Soc.  C.  E. ;  those  published  by  Theodore 
Cooper,  M.  Am.  Soc.  C.  E.,  in  the  same  year;  the  1887  specifications 
of  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  and  the  author's  specifications, 
dated  1894.  Mr.  Schneider's  later  specifications  are  for  soft  steel,  in 
which  higher  stresses  are  apparently  taken  than  were  previously  used 
in  wrought  iron,  and  are  therefore  not  used  in  comparison. 


Tension.    Chords — 

200 -ft.  span 

500-ft.  span 

Compression.  Chords — 
200- ft.  span,  30  radii. 
200      "  45     "     . 

500      "  30     "     . 

500      "  45     "     . 

Intermediate  posts — 
200-lt.  span,    65  radii 
200      "  130     " 

500      "  65     " 

500      "  130     '« 

30-ft.  Plate  girder— 

Tension 

Compression 

60-ft.  Plate  girder- 
Tension 

Compression 


Bouscaren. 

Cooper. 

10  000 
12  000 

9  600 
10  667 

7  500 
7  500 
9  000 
9  000 

8  520 

7  980 

9  467 

8  867 

5  670 

3  640 

6  400 

4  110 

5  09(1 
2  080 
5  600 
2  290 

7  116 
6  508 

8  000 
*7  320 

7  360 
6  560 

8  000 
*7  040 

Schneider. 

10  110 

11  070 

8  900 

8  310 

9  740 
9  100 

7  180 
4  360 
7  810 
4  740 

8  013 
*7  333 

8  570 
*7  500 

Greiner.  Proposed 


10  000 

11  225 


8  280 

7  750 

9  450 

8  920 


6  630 

4  360 

7  725 

5  450 


7  963 
7  050 


8  355 
7  400 


11250 
12  U00 


8  580 

8  100 

9  156 
8  640 


7  140 
4  600 
7  570 
4  880 


7  550 
*7  000 


8  550 
*7  640 


*  Same  gross  section  as  tension  flange. 
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The  increase  the  author  shows  in  the  rolling  load,  and  therefore  Mr.  Pegram. 
in  the  stresses  to  which  bridges  have  been  subjected,  has  been  very 
general.  In  the  face  oi  such  facts,  the  microscopic  refinement  to  which 
calculations  are  carried  seems  absurd,  and  the  waste  of  time  caused 
by  elaborate  specifications  seems  inexcusable.  Particularly  is  this  the 
case  in  the  persistent  use  of  the  engine  wheel  diagram.  It  was  shown 
in  a  discussion  of  the  paper*  by  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E., 
on  "Specifications  for  Strength  of  Iron  Bridges,"  that  a  uniform  load 
in  combination  with  a  single  concentrated  load  would  give  the  stresses 
obtained  by  the  engine  loading  with  practical  exactness. 

It  was  further  showut  in  a  discussion  of  the  paper  by  Theodore 
Cooper,  M.  Am.  Soc.  0.  E.,  on  "American  Railroad  Bridges,"  that  this 
equivalent  loading  could  be  made  to  include  the  effects  of  impact,  thus 
abridging  in  a  large  measure  the  labor  of  calculations.  It  would  seem 
as  if  the  use  of  such  equivalents,  or  the  old  method  of  using  equivalent 
unifcrm  loads,  might  be  used  with  advantage.  The  actual  engine  load- 
ing must,  of  course,  be  the  basis  for  any  such  equivalent,  and  might 
reasonably  be  stated  in  the  specifications  for  the  information  of  non- 
experts as  the  loading  designed  to  be  covered. 

With  respect  to  stresses  in  wood,  consideration  must  be  given  to  the 
fact  that  while  wood  does  not  lose  strength,  with  age,  to  resist  gradually 
applied  loads,  it  loses  fiber  and  ability  to  resist  shocks.  Some  years 
ago  the  writer  made  some  experiments  on  pine  of  different  ages,  and 
found  that  while  the  pieces  gave  practically  equal  resistances  under 
gradually  applied  stresses  in  the  testing  machine,  they  were  broken  by 
the  same  weight  falling  from  the  following  average  heights  :  13  ins.  for 
new  seasoned  lumber  ;  10.6  ins.  for  lumber  in  service  four  years  ; 
6.7  ins.  for  that  in  service  nine  years.  Engineers  are  so  accustomed  to 
a  large  margin  of  strength  in  wooden  structures,  which  are  so  often 
overstrained,  that  it  hardly  seems  wise  to  make  much  increase  in  the 
unit  stress.  Although  the  writer  believes  the  limits  given  in  the  paper 
might  be  safely  used,  he  considers  a  unit  stress  of  1 200  lbs.  per  square 
inch  for  bending  in  yellow  pine  about  right  in  designing  new  work,  and 
a  limit  of  1  800  lbs.  in  removing  old  work. 

R.  Montfokt,  M.  Am.  Soc.  C.  E. — A  bridge  designed  in  accordance  Mr.  Montfort 
with  the  best  modem  practice  would  undoubtedly  carry  safely  and 
without  injury  to  itself,  loads  producing  strains  in  its  members  50%  to 
65%  in  excess  of  those  for  which  it  was  originally  proportioned.  It 
has  been  the  writer's  custom  to  consider  as  safe  a  truss  bridge  of  125  ft. 
span  or  over,  so  far  as  the  lower  chords  and  main  ties  are  concerned,  if 
the  strain  per  square  inch  in  them  does  not  exceed  15  000  lbs.  Un- 
fortunately, however,  the  details  of  old  bridges  are  very  rarely  of  equal 
strength  with  the  bodies  of  the  principal  members,  and,  therefore,  they 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XV,  p.  Hi. 
t  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXI,  p.  575. 
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Thus,  cast -iron  joint   DOX68  arc  found  in  many  old  bridges,  while  in  •  few 

still  remaining,  entire  compression  members  made  of  the  same  material 
are  found.  The  fact  thai  a  bridge  lias  cast-iron  joint  boxes  or  members 
made  entirely  of  cast-iron  would  not  of  necessity  demand  its  condem- 
nation, ye1  their  existence,  especially  if  poorly  designed,  might  lead  to 
its  condemnation  while  the  strains  in  tbe  bodies  of  the  principal  members 
are  well  within  the  limit  of  safety.  The  writer  has  seen  a  east -iron  top 
chord  removed  from  a  200-ft.  span,  which  had  been  in  service  about  20 
years  and  had  carried  loads  more  than  50%  greater  than  that  for  which  it 
was  designed,  show,  when  broken  for  the  scrap  pile,  a  thickness  of  metal 
on  one  side  of  less  than  $  in.,  while  the  opposite  side  was  1;  ins.  thick, 
due  to  the  shifting  of  a  short  portion  of  the  core  used  when  making  the 
casting  and  which  was  not  discovered,  although  test  holes  were  drilled 
close  to  the  point  where  the  displacement  occurred. 

Again,  want  of  rigidity  or  of  proper  lateral  bracing  should  be  con- 
sidered when  passing  upon  the  safety  of  a  bridge.  In  most  old  struct- 
ures the  attachment  of  the  laterals  will  be  found  defective  and  not 
sufficient  to  develop  their  full  strength,  while  in  others  little  or  no 
provision  is  made  to  transfer  the  stresses  from  the  lower  lateral  rods  of 
through  bridges  into  the  bottom  chords,  or  make  other  proper  provi- 
sion for  the  component  of  the  stress  in  these  rods  now  usually  trans- 
ferred into  the  chords. 

The  fact  that  until  20  years  ago  it  was  almost  the  universal  custom 
to  make  eye-bars  by  welding  the  heads  to  the  bars  should  not  be  over- 
looked. While  the  welds  were  generally  made  with  great  care,  and 
the  bars  afterward  tested  to  a  strain  of  20  000  lbs.  per  square  inch,  yet 
there  have  been  numerous  cases  of  failure  under  service  in  these  welds. 
The  writer  has  seen  broken  bars  which  showed  only  one-third  of  the 
section  perfectly  welded,  yet  they  had  withstood  a  strain  of  14  000  lbs. 
per  square  inch  under  service  for  15  years  before  breaking.  He  has 
never  known  a  principal  member  of  a  bridge  to  fail  in  its  body  where  a 
serious  flaw  did  not  exist.  All  of  the  failures  of  tension  members  that 
he  has  known  of  took  place  in  bad  welds  or  the  minor  parts,  such  as 
the  smaller  system  truss  rods,  floor-beam  suspenders  and  floor-beam 
hangers.  He  has  seen  truss  rods  with  screw  ends  break  in  the  screw 
when  the  figured  strain  on  a  section  taken  at  the  base  of  the  thread  was 
less  than  12  000  lbs.  per  square  inch,  but  this  was  probably  due  to  the 
imperfect  bearing  of  the  nut.  Floor-beam  suspenders  and  hangers  in  old 
bridges  fail  probably  more  often  than  any  or  all  of  the  other  parts 
taken  together,  and  frequently  under  extremely  low  strains.  He  has 
in  mind  three  failures  of  hangers  where  the  figured  strain  was  only 
7  000  lbs.  per  square  inch,  and  all  took  place  in  similar  spans  and 
within  a  period  of  one  year,  the  structures  having  been  in  service  for 
14  years  before  a  break  occurred.     These  hangers  were  of  the  usual 
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U  shape,  with  screws  and  nuts,  but  there  was  only  one  hanger  at  Mr.  Montfort. 
each  joint;  the  tendency  of  unequal  strain,  which  is  so  likely  to  occur 
where  two  hangers  are  used,  was,  therefore,  much  reduced.  The  fract- 
ure occurred  in  all  cases  in  the  center  of  the  hanger  directly  over  the 
pin,  where  there  was  a  full  section  and  no  weld.  The  hangers  were 
made  of  l$-in.  round  iron  and  rested  directly  on  rough  circular  cast- 
ings, which  rested  in  turn  on  the  pins.  The  failures  were  probably 
due  to  the  imperfect  bearing  between  the  rough  round  hangers  and  the 
rough  castings  on  which  they  rested,  combined  with  an  inferior  quality 
of  iron. 

J.  P.  Snow,  M.  Am.  Soc.  C.  E. — The  consideration  of  unit  strains  Mr.  Snow, 
alone  is  not  sufficient  to  determine  whether  or  not  a  particular  bridge 
should  be  renewed.  In  fact  the  units  used  by  bridge  engineers  in 
designing  new  work  are  not  derived  from  the  scientific  consideration 
of  laboratory  tests  on  materials,  but  from  the  study  of  structures  in 
service.  How  else  have  they  become  reduced  so  much  from  what 
obtained  20  years  ago?  What  else  has  brought  down  the  units  for 
steel  construction  from  the  estimates  used  when  it  first  entered  largely 
into  bridge  construction?  Let  it  be  supposed  that  a  man  is  endowed 
with  all  the  technical  education  that  the  world  can  bestow,  except  a 
knowledge  of  practical  bridge  designing;  he  shall  be  acquainted  with 
all  the  experiments  and  tests  that  have  ever  been  made  on  iron  and 
steel;  he  shall  have  at  hand  all  the  multitude  of  typical  engine  dia- 
grams and  classes  X,  Y  and  Z  loadings  that  locomotive  builders  have 
created  or  bridge  designers  evolved ;  but  shall  never  have  seen  a  speci- 
fication, a  set  of  plans,  a  bridge,  or  have  any  knowledge  of  the  unit 
strains  usually  employed.  He  shall  be  called  on  to  design  a  bridge, 
and  by  some  unexplainable  chance  shall  decide  on  a  truss  and  floor  sys- 
tem like  the  best  modern  development;  in  fact  he  shall  be  fully 
equipped  for  a  full-fledged  designer  except  that  he  shall  have  had  no 
experience  or  knowledge  of  prevalent  practice.  Does  any  one  think 
that  he  would  adopt  a  scheme  of  unit  strains  that  would  produce  a 
satisfactory  bridge?  He  would  adopt  strains  based  on  the  elastic  limit 
probably,  but  they  would  be  far  above  what  is  considered  good  prac- 
tice, very  likely  about  twice  what  is  generally  used. 

What,  then,  is  the  basis  of  the  present  units?  Examinations  of 
structures  in  service  unquestionably.  Any  one  who  has  seen  a  light 
bridge  writhe  and  sway  under  a  heavy  train  will  understand  why  unit 
strains  must  be  kept  low.  Probably  the  great  majority  of  engineers 
copied  their  units  from  recognized  authorities  or  were  brought  up 
under  engineers  who  so  copied  them;  but  without  question  these  low 
units  originated  with  some  one  who  studied  his  bridges  in  service  and 
gradually  lowered  the  units  until  a  satisfactory  structure  was  pro- 
duced. The  experiments  on  fatigue  and  similar  subjects  have  had  an 
effect  in  modifying  the  units  used  in  the  various  parts  of  a  truss,  but 
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Ifr.  Snow,  are no1  the  basis  od  which  the  fundamental  unit  rests,  and  lb  it  imi 
jnsl  as  scientific  to  experiment  with  a  bridge  as  a  whole  as  with  little 
strips  «»t'  Lts  individual  parts?  The  experiment  need  do!  be  oarried  to 
rnptnre  in  order  to  ascertain  whether  or  n<»i  it  is  satisfactory. 

[n  order  thai  a  bridge  may  be  satisfactory  it  must  remain  rigid 
under  trains  and  deflect  l>ut  very  little.  These  conditions  can  only  In- 
obtained  by  using  low  unit  strains.  The  practice  (more  markedly 
prevalent  some  years  ago  than  now)  of  using  much  higher  units  on 
steel  than  on  iron  has  always  seemed  inexplicable  to  the  writer.  Certain 
units,  like  shearing  of  rivets,  and  bearing  on  rivets,  pins  and  rollers, 
in  iv  well  be  high  in  steel;  but  putting  tension  and  compression  (the 
st  rains  that  give  rise  to  deflection)  high  for  steel  and  low  for  iron  when 
providing  for  a  live  load  and  calling  the  resulting  design  satisfactory 
seem  illogical.  The  theorist  may  say  it  is  right  because  the  units 
compare  with  the  elastic  limits,  but  the  practical  man  says  it  is  not 
right  because  a  light  steel  bridge  is  no  stiffer  than  a  light  iron  one;  in 
other  words,  the  units  do  not  compare  with  the  moduli  of  elasticity. 
Bridges  are  not  built  to  resist  breaking  alone.  It  takes  a  very 
poor  bridge  to  fall.  They  will  become  unsatisfactory  and  give  rise  to 
wholesome  fear  a  long  time  before  they  will  fail  utterly.  Units  should 
be  selected  largely  on  the  basis  of  resisting  deflection.  A  girder  having 
a  generous  ratio  of  depth  to  span  may  well  be  designed  with  higher 
units  than  a  very  shallow  one. 

The  life  of  a  bridge  depends  in  large  measure  upon  its  rigidity. 
The  calculated  unit  strains  assist  greatly  in  directing  attention  to  weak 
parts,  and  connections,  but  the  limit  between  reasonable  safety  and 
danger  cannot  be  fixed  absolutely  by  the  strain  sheet.  Study  of  the 
action  of  a  structure  under  strains  must  be  combined  with  a  study  of 
its  strain  sheet  in  order  to  reach  a  logical  and  defensible  conclusion. 
Cases  II  and  IV  cited  by  the  author  show  this;  for,  whereas  an  over- 
strain of  141%  in  the  plate  girder  did  not  condemn  it,  an  over-strain 
of  14.4:%  in  the  Bollman  truss  did.  The  3%  excess  could  hardly  have 
been  the  determining  factor.  Cases  are  also  mentioned  in  the  paper 
of  main  rods  in  Bollman  trusses  snapping  short  off,  showing  that  they 
had  been  strained  beyond  their  elastic  limit  many  times.  Is  it  not  the 
lack  of  rigidity  in  this  class  of  bridges  that  allows  oscillation  which 
produces  strains  beyond  the  computed  amount?  Vibration,  or 
"structural  motion"  as  George  H.  Thomson,  M.  Am.  Soc.  C.  E.,  calls 
it,  is  surely  an  enemy  to  the  life  of  a  bridge. 

It  has  been  the  experience  of  the  writer  that  loosely  built  bridges, 
like  the  early  pin  structures,  become  unsatisfactory  and  call  loudly  for 
renewal,  while  others  of  more  rigid  type  stand  satisfactorily,  although 
the  strain  sheets  of  the  latter  class  may  show  the  larger  unit  strains. 
On  the  Boston  and  Maine  Railroad  the  same  tension  unit  is  used  in  new 
work  on  built  plate  girders  as  on  eye-bars,  and  10,%  more  on  rolled 
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beams.     Although  this  is  not  in  accordance  with  accepted  practice  in  Mr.  Snow, 
certain  high  places,  still,  in  the  opinion  of  the  writer,  the  beams  and 
girders  then  make  better  and  more  serviceable  bridges  than  do  the 
trusses. 

The  units  suggested  by  the  author  as  the  highest  permissible  for 
iron  bridges  seem  to  be  on  the  safe  side.  Certainly  in  the  case  of  rolled 
beams  and  plate  girders  it  is  likely  that  higher  strains  would  not  cause 
trouble  if  the  track  is  kept  in  perfect  condition.  However,  it  does  not 
pay  to  carry  a  bridge  too  long.  If  it  is  known  that  it  must  come  off  in 
a  few  years  at  best,  the  saving  of  interest  on  its  cost  is  not  to  be  con- 
sidered beside  the  feeling  of  security  that  a  new  structure  gives. 

Timber  stringers  of  long  leaf  pine  are  reasonably  satisfactory  with 
below  1  800  lbs.  fiber  strain.  That  is  the  limit  at  which  such  bridges 
are  classed  as  unsatisfactory  on  the  Boston  and  Maine  Railroad,  but 
they  are  by  no  means  condemned.  When  strained  to  2  200  lbs.  they 
will  carry  the  load,  but  will  deflect  disagreeably;  1  200  lbs.  is  the  unit 
used  in  designing.  For  some  reason  both  timber  and  iron  will  bear  in 
a  satisfactory  manner  a  higher  fiber  strain  when  acting  transversely  as 
a  beam  than  when  acting  longitudinally  as  a  strut  or  tie. 

The  remarks  of  the  author  regarding  poor  track  are  very  pertinent. 
A  light  bridge  will  last  much  longer  with  a  perfect  track  upon  it  than 
if  the  rail  is  light,  joints  poor  and  alignment  bad.  This  is  another 
reason  why  the  strain  sheet  must  not  be  the  only  guide  in  condemning 
bridges.  If  a  structure  has  been  shaken  40  times  a  day  for  a  series  of 
years  on  account  of  a  poor  track,  the  figures  will  not  show  it,  but  the 
bridge  itself  will.  Occasionally  it  becomes  the  disagreeable  duty  of 
the  bridge  engineer  to  condemn  a  bridge  when  the  rest  of  the  world 
think  it  good  enough,  but  it  has  been  the  experience  of  the  writer  that 
generally  the  complaint  comes  from  the  operating  or  maintenance  de- 
partments that  a  bridge  is  unsatisfactory,  audit  behooves  the  engineer 
to  show  cause  why  it  is  all  right. 

While  the  writer  agrees  with  the  safe  limits  of  strains  fixed  in  the 
paper,  yet  he  believes  there  are  few  cases  in  which  they  will  be  the  de- 
termining factor  in  deciding  whether  or  not  a  bridge  is  safe. 

Theod.  G.  Hoech,  M.  Am.  Soc.  C.  E. — In  1872  Dr.  Strousberg,  a  Mr.  Hoech. 
well-known  German  railway  organizer,  erected  a  bridge  of  six  spans  near 
Forst,  Germany,  the  wrought-iron  superstructure  coming  from  his  own 
shops.  After  the  railway  was  purchased  by  the  Prussian  government 
a  thorough  examination  revealed  numerous  cracks  as  deep  as  3  ins.  in 
the  chord  plates  of  the  pony  trusses  of  the  bridge.  Some  of  these  had 
been  obviously  patched  up  during  construction.  The  bridge  was  re- 
placed in  1893  with  a  new  one  of  similar  design,  and  the  worst  part  of 
the  old  superstructure  was  carefully  removed  to  properly  arranged 
supports    and   tested   to    destruction."*     The    result   was   surprising. 

*See  the  Zeitschiiftfur  Bauiuesen,  1895,  pp.  289-316. 
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Mr.  Hocoh.  Under  ■  uniform  Load  of  6  769  lbs.  per  linear  fool  of  brack,  ih<-  upper 

chords  in  one  of  the  middle  panels  bent  aside,  t  lie  skew  of  68     increas- 
ing the  bending  strains  after  deformation,  and  the  pony  trusses  of  the 

'.»'.)- ft.  span  set  t  Ifil  upon  the  timbers  piled  1  ft.  underneath.     The  bridge 

withstood  a  stress  of  88  000  lbs.  per  sqnare  inch  in  the  chords,  and 
failed  because  the  horizontal  lattice  with  tie  plates  between  the 
halves  of  the  chord  members  did  not  develop  the  full  strength  of  the 
H  section.  The  breaking  test  proved  that  a  well-designed  Schwedler 
bridge  would  have  withstood  much  greater  strains  than  those  caused 
by  the  traffic,  despite  the  old  cracks,  crystalline  spots  and  slag  flaws  in 
the  wrought  iron.  The  surface  of  the  metal  was  free  from  rust, 
although  only  ordinary  care  had  been  exercised  in  maintenance;  no 
rivets  had  been  broken,  and  the  cross-beams  and  stringers,  with  their 
connections,  were  not  damaged.  It  is  worth  noting  that  the  vertical 
bending  of  the  loaded  trusses,  when  in  service,  did  not  indicate  the 
fatal  weakness  of  the  upper  chords. 
Mr.  Schneider.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E. — The  writer  thinks  good  judg- 
ment was  shown  in  the  paper  in  making  such  a  radical  distinction  in 
the  permissible  strains  allowed  for  new  bridges,  where  provision 
should  be  made  for  future  contingencies,  and  the  strains  which  are 
considered  the  limit  of  safety  for  bridges  in  actual  service. 

However,  he  does  not  agree  with  some  of  the  author's  state- 
ments and  conclusions.  For  instance,  he  does  not  agree  "that  it 
is  positively  certain  that  the  method  of  figuring  stresses  from  concen- 
trated wheel  loads  causes  strains  so  far  above  what  really  exist  as  to 
almost  class  this  method  as  unscientific."  The  author  states  that  there 
can  be  no  concentrated  loads  when  there  are  stiff  rails,  etc.  While  it  is 
true  that  there  are  no  real  concentrated  loads  such  as  are  assumed  in 
calculations  (the  loads  on  a  bridge  being  distributed  over  two  or  three 
ties),  this  small  distribution,  however,  will  only  materially  change  the 
effects  of  concentrated  loads  in  exceptionally  small  beam  or  jriate 
girder  deck  spans.  On  a  5-ft.  span  the  bending  moment  may  be  re- 
duced 25%  to  30%",  while  in  a  20-ft.  span  this  reduction  will  be  only 
about  5  per  cent.  On  deck  plate  girders  of  larger  spans,  this  distribu- 
tion has  very  little  influence,  as  the  centers  of  application  of  the  loads, 
as  well  as  the  end  reactions,  remain  the  same.  This  distribution, 
caused  by  the  rails,  would  therefore  only  round  off  the  angles  of  the 
polygon  representing  the  moments  produced  by  concentrated  loads. 
In  plate  girder  bridges  with  floor  beams  and  stringers,  as  well  as  in 
truss  bridges,  the  static  effect  of  the  loads  will  not  be  changed  by  this 
distribution,  as  the  loads  are  distributed  by  the  stringers  over  the 
length  of  one  panel  and  concentrated  at  the  panel  points.  It  is  there- 
fore evident  that  the  strains  figured  from  concentrated  wheel  loads  are 
not  so  very  much  above  what  really  exists  as  to  class  this  method  as- 
unscientific. 
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The  author  seems  to  take  it  for  granted  that  the  prevailing  opinion  Mr.  Schneider, 
among  bridge  engineers  is  that  a  live  load  produces  twice  the  strain 
that  is  caused  by  a  dead  load.  The  writer,  however,  believes  that  there 
are  not  many  who  hold  that  opinion.  While  it  is  generally  admitted 
that  a  suddenly  applied  load  produces  about  twice  the  strain  of  the 
same  loal  at  rest,  an  engine  and  train  moving  over  a  bridge  is  by  no 
means  a  suddenly  applied  load.  Assuming  the  average  speed  of  a 
train  to  be  60  ft.  per  second,  it  would  take  two  seconds  to  fully  cover 
a  bridge  of  only  120-ft.  span  with  a  live  load.  This  certainly  cannot 
be  considered  a  suddenly  applied  load.  The  fact  is,  that  the  load  of 
a  moving  train  is  applied  gradually,  one  pair  of  wheels  at  a  time.  The 
theory  of  the  suddenly  applied  load  would  therefore  apply  approxi- 
mately to  very  small  spans  only,  which  receive  their  maximum  load 
from  one  pair  of  wheels,  which  would  generally  be  spans  of  5  ft.  or 
less. 

The  paper  further  states  that  "no  one  can  deny  that  a  stress  less 
than  the  elastic  limit  for  dead  loads,  and  less  than  one-half  the  elastic 
limit  for  live  loads,  must  be  used  in  considering  whether  or  not  a 
structure  is  safe."  The  writer  begs  to  deny  that.  The  static  effect  of 
a  live  load  per  se  is  the  same  as  that  of  a  dead  load,  depending  upon 
the  amounts  and  distribution  of  the  loads  only.  If  a  train  were  mov- 
ing over  a  bridge  at  a  very  slow  sjDeed,  the  strains  in  the  various 
parts  of  the  structure  would  be  approximately  the  same  as  the  static 
strains  calculated  from  the  same  loads,  with  the  exception  of  framed 
structures,  wherein  the  members,  on  account  of  the  deformation  of  the 
system,  receive  secondary  strains  in  addition  to  the  direct  strains, 
which,  on  account  of  their  complexity  and  the  labor  involved  in  calcu- 
lating them,  are  generally  not  considered,  due  allowance  being  made 
either  in  the  usual  margin  allowed  for  safety  or  by  adding  a  jDer- 
centage  to  the  calculated  strains  for  that  purpose.  The  dynamic 
effect  of  a  live  load,  commonly  called  impact,  depends  upon  the  con- 
ditions under  which  the  live  load  is  applied.  The  conditions  which 
affect  the  impact  are  the  conditions  of  the  track,  the  dynamic  action 
produced  by  the  deflection  of  the  bridge,  the  action  of  insufficiently 
balanced  drivers,  the  reciprocating  motion  and  vibration  of  the  ma- 
chinery, and  the  velocity  of  the  train. 

As  the  static  and  dynamic  effects  of  a  live  load  depend  each  upon 
such  entirely  different  conditions,  it  seems  more  rational  to  consider 
the  effect  of  each  separately  and  distinctly,  in  order  to  arrive  at  a  more 
scientific  solution  of  the  problem  of  determining  the  safe  working 
strains  in  railroad  bridges.  As  the  internal  stress  in  a  member  of  a 
structure  is  proportioned  to  its  elongation  or  reduction,  it  is  evident 
that  it  makes  no  difference,  as  far  as  the  resistance  of  the  material  is 
concerned,  whether  this  stress  is  produced  by  the  weight  of  the  struct- 
ure, by  the  static  effect  of  a  superimposed   load,  or  by  the  dynamic 
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Mr. SHinH.iei.  effeol  of  a  m « >%  ing  Load.     If  a  permissible  stress  per  square  inch  is  safe 
for  one  Btrain,  it  is  sate  for  ull  strains.     If,  therefore,  the  dynamic 

effeol  of  the    live   load    could    be    determined,  there  is   no   good    reason 

why  a  uniform  permissible  Btrain  should  not  be  used  for  the  static  as 

well  as  the  dynamic  effects  of  the  loads. 

'The  author  admits  the  dynamic  effect  of  a  live  load ;  he  also  admits 

that  the  shocks  or  blows  are  more  severely  felt  in  the  members  which 
receive  these  blows  suddenly  and  directly  and  which  have  little  inert  ia 
of  their  own  to  resist  and  absorb  them.  In  other  words,  he  admits 
that  the  dynamic  effect  varies  with  the  length  of  the  span.  He  also 
recognizes  this  fact  in  his  specifications  by  allowing  a  certain  permis- 
sible working  strain  (15  000  lbs.  per  square  inch  for  static  strains),  and 
adding  100%  for  impact  for  all-live  load  and  smaller  percentages  as  the 
dead  load,  or,  in  other  words,  as  the  length  of  the  span  increases;  but 
prefers  to  disguise  the  fact  by  a  modification  of  Launhardt's  formula, 
which  has  no  scientific  basis,  nor  is  it  derived  from  data  taken  from 
actual  experiments  or  verified  by  practical  experience.  However,  the 
author  claims  that  this  formula  is  based  on  the  foundation  of  fact;  so 
the  writer  requests  him  to  state  the  facts  upon  which  this  formula  is 
based. 

As  the  paper  condemns  all  other  methods  of  proportioning  bridges, 
the  writer  wishes  to  point  out  some  apparent  inconsistencies  in  the 
Baltimore  and  Ohio  Railroad  specifications  which  need  explanation. 
If  Launhardt's  formula,  which  is  based  on  the  theory  of  the  fatigue  of 
metal,  is  correct  for  permissible  strains  in  tension  or  compression,  the 
writer  can  see  no  good  reason  why  it  should  not  be  used  for  shearing 
and  bearing  strains,  as  well  as  for  combined  strains.  If  the  dead  and 
live  load  strains  on  a  member  are  equal,  the  paper  allows  a  working 
strain  50%  greater  in  tension  or  compression  than  if  the  strains  were 
produced  by  live  load  only;  but  for  the  strains  on  the  rivets  in  the 
same  member  it  makes  no  such  distinction,  but  specifies  a  uniform 
strain.  If  splices  in  two  tension  members  of  exactly  the  same  sectional 
area  were  proportioned  in  accordance  with  the  specifications,  the  one 
receiving  strains  from  an  all-live  load,  while  in  the  other  the  dead  and 
live  load  strains  are  equal,  there  will  result  two  members  of  the  same 
section,  each  one  with  a  different  number  of  rivets  in  the  splice.  The 
member  in  which  the  dead  and  live  load  strains  are  equal  will  have 
50%  more  rivets  in  the  splice  than  the  one  which  receives  live  load 
strains  only,  yet  in  both  members  an  equal  amount  of  metal  is  to  be 
spliced. 

For  members  which  receive  combined  transverse  and  direct  strains, 
the  Baltimore  and  Ohio  Railroad  specifications  prescribe  a  uniform 
working  strain  per  square  inch,  irrespective  of  the  length  of  the  span  or 
the  proportion  of  the  minimum  and  maximum  strains.  If  Launhardt's 
formula  is  founded  on  facts,  then  a  uniform  working  strain  is  -wrong. 
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There  is  either  not  enough  material  in  these  members  if  they  belong  to  Mr.  Schneider, 
short  spans,  or  a  useless  waste  of   material  if  they  are  members  of 
very  long  spans,  if  proportioned  in  accordance  with  these  specifica- 
tions. 

The  writer  does  not  agree  with  the  author  that  experience  with 
structures  which  have  been  working  for  some  years  under  an  in- 
creased traffic  without  injury  furnishes  the  only  means  of  solving  the 
question  of  safe  working  strains  for  railroad  bridges.  No  doubt  these 
experiences  are  very  valuable  and  instructive,  but  there  is  a  more  direct 
and  scientific  way  of  solving  this  question,  and  that  is  to  determine 
the  strains  produced  by  the  live  load  on  the  various  members  of  a 
structure  by  actual  measurement.  The  late  Prof.  Frankel,  of  the  Poly- 
technic School  at  Dresden,  made  some  very  valuable  and  interest- 
ing experiments  on  structures  in  actual  service,  with  an  instrument 
designed  by  him  for  the  purpose  of  recording  the  actual  strains  in 
members  of  bridges  produced  by  a  moving  train  under  different  veloci- 
ties. The  writer  has  for  many  years  persistently  advocated  a  series  of 
similar  experiments  to  be  made  on  American  types  of  bridges,  but 
has  so  far  received  little  encouragement.  He  would  be  glad  to  co- 
operate with  any  railroad  company  that  would  furnish  facilities  for 
making  these  experiments.  Large  amounts  of  money  have  been  wasted 
on  useless  experiments,  such  as  the  tests  made  on  full-sized  compres- 
sion members,  which  have  not  even  furnished  data  to  develop  a  rational 
formula  for  calculating  approximately  their  strength.  As,  at  the 
present  time,  the  knowledge  of  the  dynamic  effects  of  moving  loads 
on  railway  bridges  is  limited,  the  subject  seems  important  enough 
to  receive  some  attention.  The  results  received  from  carefully  and 
conscientiously  made  experiments  in  that  direction  would  be  of  great 
practical  value. 

As  the  paper  denounces  the  method  of  considering  the  dynamic 
effect  of  the  live  load  as  guesswork,  the  writer  feels  compelled  to  say 
a  few  words  in  reference  to  the  subject  and  to  give  his  reasons  for 
adopting  this  method.  In  1877,  the  late  Prof.  Winkler,  of  Berlin,  in  a 
paper  published  in  the  Journal  of  the  Austrian  Society  of  Architects 
and  Engineers,  called  attention  to  the  unscientific  method  used  at  that 
time  in  proportioning  bridges,  and  suggested  that  the  dynamic  effect 
of  the  live  load  should  be  considered  in  addition  to  its  static  effect 
as  a  more  rational  way  than  that  of  considering  the  static  effect 
only  and  allowing  a  large  so-called  factor  of  safety  to  cover  igno- 
rance. He  also  proposed  a  formula  for  determining  this  dynamic 
effect,  which,  owing  to  the  absence  of  any  data  at  that  time,  was  based 
more  on  scientific  assumption  than  on  practical  experience.  Later  on, 
this  subject  was  discussed  by  various  other  authorities,  all  of  whom 
seem  to  agree  on  the  correctness  of  the  principle  of  considering  the 
dynamic    action    of  the    live    load  in  proportioning   the    members    of 
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Ifo  Sehnelder.  railroad  bridges.  Some  of  the  older  specifications  also  called  for  a 
percentage  to  be  added  for  impact  to  the  Btringers,  floor  beams  and 
hangers.  The  writer  believes,  however,  thai  he  waa  the  first  to  adopt 
this  principle  systematically,    using  a  uniform   permissible  working 

strain  in  the  "General  Specifications  for  Railroad  Bridges,"  published 
by  the  Penooyd  Iron  Works  in  L887.  Attention  was  first  called  to  the 
subject  by  Prof.  Winkler's  paper,  and  owing  to  his  high  standing  in 
the  profession  and  the  regard  for  his  ability  held,  by  the  writer,  the 
latter  was  prompted  to  give  this  matter  serious  consideration.  He  was 
convinced  by  the  soundness  of  Prof.  Winkler's  arguments  that  this 
was  the  only  correct  method  to  use  in  proportioning  railroad  bridges. 
He  then  commenced  to  collect  all  the  available  information  on  the 
subject.  Some  very  valuable  data  were  obtained  from  Prof.  Rob- 
inson's report  on  the  vibration  of  bridges.  At  that  time  he  learned 
that  Prof .  Fraakel  had  been  making  for  several  years  experiments  on 
railroad  bridges  for  the  purpose  of  determining  the  actual  strains 
produced  by  the  moving  load  under  different  velocities.  In  response 
to  his  request,  Prof.  Frankel,  whose  experiments  were  commenced,  the 
writer  believes,  in  1881,  and  continued  until  his  death  in  1894,  kindly 
supplied  him  with  all  the  data  collected  up  to  the  time  and  furnished 
from  time  to  time  the  results  of  subsequent  investigations.  They  were 
made  on  a  number  of  bridges  of  different  spans  of  the  European 
types.  While  the  number  and  variety  of  these  experiments  were  not 
sufficient  to  furnish  data  for  making  very  close  calculations  of  the 
effect  of  impact,  they  were  sufficient  to  establish  some  facts  which  had 
heretofore  only  been  assumed  ;  they  also  furnished  enough  informa- 
tion to  serve  as  a  guide  to  determine  in  a  general  way  the  probable 
dynamic  effect  of  a  moving  train  which  would  not  be  exceeded  in 
practice.     These  experiments  have  developed  the  following  facts  : 

first. — That  the  dynamic  effect  of  a  moving  train  varies  with  the 
velocity  of  the  train  and  the  length  of  the  span. 

Second. — That  members  which  receive  the  live  load  direct  are  most 
affected,  while  those  that  receive  the  strains  from  the  live  load  in- 
directly are  less  affected. 

Third. — The  dynamic  effect  diminishes  as  the  parts  are  removed 
from  the  members  to  which  the  loads  are  applied. 

Thus,  the  dynamic  effect  of  the  live  load  would  be  most  severely 
felt  by  the  floor  stringers,  less  by  the  floor  beams  and  floor  beam 
hangers;  next  would  come  the  web  system,  and  the  least  affected  would 
be  the  chords.  In  a  deck  bridge,  however,  with  the  ties  resting  on  the 
top  chord,  the  top  chord  would  be  the  part  most  affected  by  the 
dynamic  action  of  the  train.  From  the  data  on  hand  the  writer  de- 
duced coefficients  of  impact,  which  he  believed  would  be  in  excess  of 
what  really  existed  under  the  most  unfavorable  conditions,  adding 
20%  for  secondary  strains,  which  percentage  should  not  be  exceeded 
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in  any  well-designed  structure.     Beam  bridges  and  plate  girders  re-  Mr.  Schneider. 

eeive  practically  no  secondary  strains,  but  as  very  great  refinements 

were  not  proposed,  no  distinction   was  made  for  plate  girders.     The 

writer  hesitated  a  long  time  before  using  these  coefficients  for  impact 

in  actual  practice;  and  not  until  he  had  applied  this  method  to  a  great 

number  and  variety  of  bridges,  to  ascertain  whether  it  would  apply 

equally  well  to  all  kinds  of  structures  and  conditions,  did  he  venture 

to   embody  this  method  in  his  "  General  Specifications  for  Railroad 

Bridges  "  and  consent  to  have  it  published.     These  specifications  have 

now  stood  the  test  of  eight  years,   and  have  been  used  on  ordinary 

trusses,   trestle  towers,   arches,   cantilever  bridges,  continuous  spans 

and  draw  bridges  and  have  in  every  case  given  satisfactory  results. 

If  a  new  bridge  is  rationally  designed  and  low  working  strains  as- 
sumed in  accordance  with  the  present  practice  in  order  to  meet  future 
contingencies,  it  should  be  able  to  stand  a  small  increase  of  the 
live  load  in  all  its  parts.  In  a  pin-connected  span  with  vertical  posts 
and  diagonal  bars,  counters  are  required  in  those  panels  where  the  bars 
receive  strains  in  an  opposite  direction.  If  the  bridge  is  proportioned 
in  accordance  with  specifications  based  on  Launhardt's  formula,  no 
counter  is  required  in  a  panel  where  the  live  load  compression  is  equal 
to  the  tension  produced  by  the  dead  load.  It  is  evident  that  if  the 
live  load  is  increased  that  the  live  load  compression  in  that  panel  would 
increase  in  proportion  and  therefore  require  a  counter;  that  is,  while 
the  chords  and  most  other  members  of  the  truss  would  be  strong 
enough  to  resist  an  increased  live  load,  there  would  be  some  parts 
which  would  have  to  be  reinforced  or  patched  up  in  order  to  resist  an 
increased  load.  If,  however,  this  bridge  is  proportioned  in  accordance 
with  the  impact  method,  the  live  load  strain  is  increased  by  a  certain 
percentage;  and  consequently  in  this  panel,  where  the  static  strains 
from  the  dead  and  live  loads  are  equal,  owing  to  the  addition  of  the 
impact  to  the  live  load,  a  counter  would  be  required,  thus  making 
provision  for  a  reasonable  excess  of  live  load  above  that  for  which  the 
bridge  has  been  designed.  In  a  bridge  designed  in  accordance  with 
specifications  using  the  impact  system,  the  strength  of  the  details  and 
connections  will  be  in  proportion  to  the  main  members,  as  the  impact 
applies  to  all  parts.  Another  advantage  of  the  impact  method  consists 
in  its  simplicity;  using  a  uniform  working  strain  throughout,  the  per- 
missible strains  for  compression  members,  shearing  and  bearing  values 
for  rivets,  etc.,  can  be  tabulated  and  the  work  of  proportioning  the 
members  of  a  structure  thereby  reduced  to  a  minimum.  If  a  system  is 
correct  it  ought  to  be  applicable  to  all  cases  and  all  kinds  of  struct- 
ures. The  impact  method  fulfils  this  condition.  The  writer  is  using 
his  specifications  for  railroad  bridges  for  highway  bridges  and  build- 
ings, by  simply  changing  the  coefficient  of  impact.  For  highway 
bridges  he  adds  25%  to  the  live  load  strains,  and  for  buildings  discards 
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Mr. sobnelder.  the impaof  altogether.  If  future  experiments  should  prove  that  fche 
ooeffioients  for  impact  adopted  are  fcoo  Large,  fcheyeau  be  easily  oor- 
reoted,  which,  however,  would  nol  affeol  fche  system,  bul  would  only 
involve  a  ohange  of  the  numerical  values  of  the  ooeffioients. 

Considering  fche  cases  cited  in  fche  paper,  with  a  new  of  Learning 
some  practical  lessons  from  them,  fche  writer  fails  fco  Bee  thai  fchese 
facts  upset  any  of  fche  well  established  theories  of  mechanics  and  statics, 
as  the  author  claims.  As  the  structures  under  fchese  excessive  Loads 
did  not  show  any  indications  of  failure,  it  is  evident  that  the  maximum 
strains  produced  by  the  combined  static  and  dynamic  effects  of  the 
loads  have  been  within  fche  clastic  limit  of  the  material.  The  author 
has  calculated  the  strains  per  square  inch  produced  by  the  dead  load 
and  fche  static  effect  of  the  live  load,  which  would  be  enough  below  fche 
elastic  limit  to  be  considered  safe  if  the  live  load  did  not  also  produce 
a  dynamic  effect,  which  was  not  considered.  Had  the  actual  strains 
been  ascertained  by  measuring  the  elongation  of  the  various  members 
during  the  passage  of  one  of  the  heaviest  engines,  the  results  would  have 
shown  at  once  the  maximum  strains  the  material  was  subjected  to  in 
every  one  of  these  cases,  and  would  have  enabled  the  engineer  to  judge 
whether  these  strains  were  enough  belowr  the  probable  elastic  limit  to 
consider  the  structure  safe  for  the  present  conditions  of  the  traffic.  It 
would  also  have  given  the  dynamic  effect  of  the  live  load,  which  could 
be  applied  to  the  calculation  of  similar  cases.  If  it  is  supposed  that  the 
actual  strains  in  these  cases  had  reached  the  usual  elastic  limit  of 
20  000  lbs.  for  wrought  iron,  there  would  be  the  following  dynamic 
effects  of  the  live  load  for  the  first  three  cases  : 

Case      I,  26-ft.  span 65     per  cent. 

Case    II,  20-ft.     "     60 

Case  III,  84-ft.     "     62.8      " 

The  dynamic  effects  of  the  live  load,  as  given  in  the  Pencoyd  speci- 
fications for  the  above  cases,  are  72,  74  and  79%"  respectively.  The 
remaining  two  cases  the  writer  has  not  been  able  to  analyze,  on  account 
of  insufficient  data.  These  cases  prove  the  statement  he  made  before, 
that  the  coefficients  for  impact  proposed  by  him  are  in  excess  of  those 
that  really  occur  in  ordinary  traffic. 

For  the  purpose  of  determining  the  limit  of  safety  in  existing  struct- 
ures, the  writer  would  suggest  using  the  impact  system  as  given  in 
the  Pencoyd  specifications,  except  for  plate  girders,  for  which  he  would 
make  a  reduction  of  20%  in  the  coefficient  for  impact,  as  they  receive 
practically  no  secondary  strains,  and  allow  a  working  strain  of  22  000 
lbs.  per  square  inch,  properly  reduced  for  compression;  and  calculate 
the  fiber  strains  in  the  flanges  by  the  moment  of  resistance  of  the  cross- 
section.  If  a  working  strain  of  22  000  lbs.  per  square  inch  is  allowed 
as  the  safe  limit  for  existing  structures,  the  bridges  designed  in  accord- 
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ance  with  the  Pencoyd  specifications  would  be  able  to  stand  the  follow-  Mr.  Schneider, 
ing  increase  of  live  load  : 

25-ft.  span,  plate  girders,  49  per  cent.  150-ft.  span,  59  per  cent. 

50-ft.     "  "  51       "  200-ft.     "      62 

75-ft.     "  "  53 

100-ft.     "  "  55 


300-ft.     "      70 
500-ft.     "      80 


J.  E.  Greiner,  M.  Am.  Soc.  C.  E. — In  the  body  of  the  paper  the  Mr.  Greiner. 
author  endeavored   to  lay  force  upon  certain  points,  and,  in  closing 
this  discussion,  these  points  will  be  considered  separately  and  in  the 
order  of  their  occurrence  in  the  paper. 

I.  "  Owing  to  an  increase  in  train  loads  and  flimsy  construction  the 
life  of  railroad  bridges  heretofore  has  been  scarcely  25  years,  but  the 
life  of  a  bridge  of  good  design  will  be  determined  by  the  care  bestowed 
upon  its  maintenance  rather  than  by  tonnage  or  years,  provided  speci- 
fied loads  are  not  exceeded.  If  placed  in  the  hands  of  indifferent  and 
incompetent  persons,  there  will  be  a  greater  certainty  of  its  failure 
before  than  of  its  existence  after  25  years." 

Mr.  Stan  wood  has  presented  some  interesting  illustrations  showing 
the  actual  loss  of  section  caused  by  corrosion  due  to  neglectful  main- 
tenance, and  their  value  as  records  of  the  actual  amount  of  deteriora- 
tion per  year  cannot  be  overestimated.  Structures  subjected  to  the 
same  evil  influences  are  met  with  on  almost  every  railroad,  and  if  they 
stand  for  a  period  of  25  years,  the  fact  can  be  attributed  mainly  to  the 
intelligence  bestowed  on  their  maintenance.  There  are  effective  means 
of  protecting  iron  against  such  injury,  and  if  some  one  of  these  means 
is  not  employed,  the  same  results  as  pointed  out  will  take  place  sooner 
or  later. 

Attention  has  been  called  to  the  satisfaction  given  by  multiple  sys- 
tem riveted  trusses  on  the  New  York  Central  Railroad.  Some  of  these 
bridges  have  for  years  carried  a  traffic  much  greater  than  was  contem- 
plated at  the  time  they  were  built,  and  their  great  stiffness  and  dura- 
bility are  attributed  to  the  fact  that  strains  are  diffused  over  a  large 
number  of  points  instead  of  being  concentrated  on  a  few.  Mr.  Snow 
states  that  it  has  been  his  experience  that  loosely  built  bridges,  like 
the  early  pin-connected  structures,  become  unsatisfactory,  while  those 
of  a  rigid  type  are  doing  their  work  all  right,  although  strain  sheets 
indicate  higher  unit  stresses.  This  is  a  very  general  experience  and  has 
led  to  quite  an  extended  practice  of  designing  bridges  so  that  they 
will  have  a  small  number  of  large-size  members  rather  than  a  larger 
number  of  smaller  members,  thereby  concentrating  strains  and  metal 
instead  of  diffusing  them.  The  author  ventures  the  opinion,  that  had 
the  bridges  on  the  New  York  Central  been  of  this  character,  they  would 
have  stood  just  as  well  as  the  bridges  mentioned,  and  that  their  stiff 
members  and  firm  connections  may  have  contributed  more  to  their 
rigidity  than  the  fact  that  the  metal  and  strains  were  diffused. 
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Mr.  Greint-r.  II.  "  The  avowed  purpose,  when  designing  a  bridge,  is  to  develop 
a  Btrnotnre  which  will  Baxely  oarrj  the  Bpeoifled  loads.  If  this  strm-t- 
urc  will  be  perfectly  safe  under  a  greatly  increased  load,  then,  from 
an  engineering  sense,  more  material  baa  been  ased  than  was  ii. 
for  the  avowed  purpose,  and  this  waste  cannot  be  considered  good 
engineering. " 

Mr.  Lo  Oonte,  while  admitting  that  engineers  are  plaeing  more  ma- 
terial in  their  large  bridges  than  is  necessary  for  carrying  the  specified 
loa  Is,  will  not  acknowledge  that  any  excess  has  been  nsed  in  small 
spans.  The  author  understands  that  Mr.  Le  Conte  would  approve  of 
somewhat  higher  unit  stresses  than  are  commonly  used  for  large  spans, 
but  would  not  endorse  an  increased  stress  in  small  spans.  Consider- 
ing the  fact  that  bridges  are  designed  so  as  to  carry  a  future  increase 
in  traffic  of  a  very  indefinite  extent,  the  author  would  not  use  higher 
stresses  than  specified.  The  waste  in  material  is  not  because  the 
bridges  are  built  too  strong  for  future  emergencies,  but  because  they 
are  being  built  too  heavy  for  their  avowed  purpose  of  carrying  in  safety 
a  certain  specified  load.  The  low  stresses  usually  employed  have  not 
been  so  commonly  adopted,  merely  because  experience  has  demon- 
strated them  to  be  safe,  but  rather  because  experience  has  demonstrated 
that  when  a  bridge  is  nominally  designed  to  carry  an  80-ton  engine  and 
tender  it  will  very  likely  be  called  upon  to  carry  120-ton  engines.  Rail- 
road companies  are  led  to  believe  that  they  are  getting  structures  pro- 
portioned for  a  definitely  specified  load,  but  they  are  paying  for 
structures  really  designed  for  much  heavier  loads;  in  other  words, 
stress  sheets  represent  more  than  they  profess.  Would  it  not,  there- 
fore, be  much  better  engineering  practice  to  design  bridges  strictly  for 
the  maximum  loads  specified  and  take  these  specified  loads  from  50% 
to  100%  in  excess  of  immediate  requirements?  If  this  were  done,  unit 
stresses  could  be  increased  to  the  limits  which  experience  justifies,  and 
when  the  train  loads  have  exceeded  those  for  which  the  bridge  was  de- 
signed, it  will  have  reached  the  end  of  its  usefulness.  Stress  sheets 
would  then  represent  all  they  profess,  but  not  more,  and  railroad  com- 
panies would  be  paying  for  what  they  expected  to  buy,  but  not  for  more. 
It  is  needless  to  state  that  such  an  innovation  will  not  take  place  in  the 
near  future,  owing  to  various  prejudices,  but  it  will  be  safe  to  predict 
that  when  the  increase  in  locomotive  and  train  loads  ceases,  as  it  surely 
will,  engineers  will  then  design  strictly  for  the  heaviest  possible  loads, 
or  else  they  will  be  subjected  to  the  alternative  imputation  of  either 
specifying  loads  less  than  are  in  service,  or  of  being  extravagantly 
wasteful  in  the  use  of  material. 

III.  "  The  condemnation  of  a  bridge  is  a  case  for  figures,  experience 
and  judgment,  and  involves  a  responsibility  which  should  not  be  left 
to  the  unsupported  opinion  of  the  practical  bridge  man,  or  to  the  im- 
petuosity of  the  theoretical  alarmist." 

Mr.  Morison  refers  to  a  case  where  the  calculated  bending  stress 
in  the  extreme  fibers  of  bridge  pins  was  found  to  be  from  175  000  to 


IBKESP02S  l»i:v  l     n\     II  I  i:    OF    IIAI  LB.OA  D    BE]  I"'  I  3. 

250  000  His.,  but  when  the  pins  were  removed  they  were  found  per-  Mr.  Greinei 
fectly  straight.    The  Btressea  never  existed.    If  such  cas<  b  of  calculated 
overstrain  should  be  referred  to  many  purely  theoretical  men.  they 

would  in  all  probability  have  ordered  the  bridge  to  be  trestled  at  once, 
thereby  involving  a  large  amount  of  useless  expense. 

Mr.  Hazlehurst  has  known  bridges  to  carry  a  heavy  traffic  for  many 
years  with  entire  safety  with  a  unit  stress  that  would  horrify  a  man  not 
familiar  with,  or  one  who  was  not  accustomed  to  watch,  the  behavior 
of  structures  under  heavy  loads. 

Mr.  Yeatman  calls  attention  to  a  bridge  which  carried  for  years, 
without  ill  effects,  loads  producing  a  calculated  pressure  on  bearing- 
area  of  rivets  in  web  of  floor  beams  of  from  36  000  to  ±0  000  lbs.  per 
square  inch.  The  author  knows  of  several  plate  girders,  the  rivets  in 
which  were  strained  equally  as  high  without  sign  of  weakness,  and  has 
met  with  two  cases  of  box-beam  girders,  which  failed  by  the  rivets  in 
the  bottom  flange  shearing  off  bodily  for  a  distance  about  equal  to  the 
depth  of  the  beam,  although  the  calculated  stress  was  but  about  60%"  or 
~o°o  more  than  allowed  by  common  practice.  These  bridges  had  been 
examined  by  the  author  not  more  than  three  months  previous  to 
their  failure,  and  to  his  personal  knowledge  there  was  nothing  to 
indicate  that  the  rivets  would  shear  off.  The  bridges  had  also  been 
inspected  each  month  by  the  regular  bridge  inspector,  and  reports 
showed  them  in  good  condition  up  to  the  time  of  their  failure.  These 
bridges,  therefore,  while  overstrained,  gave  no  evidence  of  weakness 
before  actual  failure,  and  were  no  cause  of  uneasiness  to  maintenance 
officials.  Mr.  Snow  says  it  takes  a  very  poor  bridge  to  fall.  These  were 
possibly  poor  affairs,  although  they  fulfilled  their  mission,  but  they 
did  not  "become  unsatisfactory  or  give  rise  to  a  wholesome  fear  a 
long  time  before  they  utterly  failed." 

Mr.  Hoech  calls  attention  to  a  bridge  in  Germany  which,  after  21 
years'  service,  was  found  to  have  numerous  cracks  as  deep  as  3  ins.  in 
the  chord  plates  of  the  pony  trusses  of  the  bridge.  The  bridge  was 
condemned,  and  when  tested  to  destruction  it  withstood  a  stress  of 
38  000  lbs.  in  the  top  chords,  despite  the  defects  which  caused  its  con- 
demnation. 

The  failures  of  rods  and  hangers  mentioned  by  Mr.  Montfort  are 
fully  as  instructive  as  any  of  the  above,  and  the  three  failures  of  \J 
hangers  at  7  000  lbs.,  which  broke  directly  over  the  pin,  were  similar 
to  those  mentioned  by  the  author  as  having  broken  at  12  930  lbs.  at 
the  side  of  the  pin  instead  of  through  the  threads,  where  the  section 
was  larger.  The  author  has  met  with  many  cases  of  broken  hangers, 
but  never  any  which  broke  at  a  less  stress  than  the  case  mentioned 
in  his  paper,  and  the  evidence  given  by  Mr.  Montfort  will  cause 
him  to  fix  upon  a  lower  limit  than  given.  His  experience  with  eye-bars 
also  accords  with  that  of  .Mr.  Montfort  ;  they  usually  break  through 
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mi   » . i i-in.T.  the  welds.     Eye-bare  which  have  been  in  service  for  over  20    •         and 
for  a  Long  period  at  a  stress  of  I  l  000  lbs.,  have  stood  without  failure, 
although  they  w . ire  found  to  have  cracks  as  much  as  ,  in.  deep  <>n  the 
outside  of  the  head.     When  broken  the  beads  are  usually  one  ma 
6rystals.     There  is  a  case  of  failure  of  a   Howe  truss  which  may  be 
Interesting  in  this  connection.     The  bridge  was  140  f t.  Long,  and  was 
oorrectly  designed   for  an  86-ton  engine  and  tender,   followed   bj   a 
train  load  of  '-\  000   ll>s.  per    foot,  and  was   built   during  the  end  of  the 
year  1888.     In  the  meantime  train  loads  had  increased  -•">",,•  and,  as 
there  was  much  shifting  over  the  bridge  and  it  began  to  shake  under 
this  shifting,  it  was  trestled  at  the   center  in   the  fall  of  1893.     The 
trestle  bent  was  put  in  place  by  practical  bridge  men,  without  engineer- 
ing supervision,  and,  in  order  that  it  would  run  with  the  stream,  it 
was  placed  so  that  the  cap  would  meet  the  chords  at  an  acute  instead 
of  at  a  right  angle.     It  supported  the  outer  stick  at  a  distance  of  4  ft. 
and  the  inner  stick  at  a  distance  of  about  2  ft.   from  the  center  panel 
point.     The  weight  of  the  dead  and  live  loads  was,  therefore,  trans- 
ferred to  the  bent  by  means  of  a  bending  in  the  lower  chord.     The 
lower  chord  was  composed  of  four  sticks,  7±  x  14  ins.     During  July. 
1895,  the  lower  chord  pulled  apart  2±  ins.,  and  an  examination  dis- 
closed the  fact  that  three  sticks  had  practically  broken  in  two,  not  at 
the  splices,  as  would  be  supposed,  but  through  the  body  of  the  sticks 
in  the  neighborhood  of  the  panel  point  near  the  center  of  the  bridge. 
The  fourth  stick  was  not  broken,  but  had  pulled  a  little  at  the  splices. 
In  addition  to  the  direct  breaks,  there  were  cracks  about  some  large 
knots  in  the  outer  stick,  which  indicated  that  it  had  been  broken  by 
transverse  strains.     In  addition  to  the  above  breaks,  the  end  bottom 
chord  broke  in  the  center  of  the  first  panel,  which  was  due  partially 
to  the  transverse  strains  caused  by  the  floor  system,  which  rested  on  the 
bottom  chords,  and  partially  to  the  fact  that  the  timber  bed-plate  had 
been  placed  outside  the  line  of  action  of  the  inclined  end  post.     No 
accident  resulted  from  these  breaks.     There  was  nothing  in  the  ap- 
pearance of  the  surface  of  the  timber,  which  was  white  pine,  to  indi- 
cate that  it  was  not  in  fairly  good  condition,  and  experience  with  the 
same  kind  of  timber  shows  it  usually  lasts  eight  years  or  more  before 
it  becomes  seriously  unsound,  and  it  was  reported  fair  up  to  the  time 
of  the  failure.     An  examination  at  the  points  of  failure  showed  that 
the  sections  of  the  chords  were  either  what  would  be  called  lifeless 
timber  or  were  positively  decayed. 

Experience  with  this  bridge  should  teach  three  good  lessons: 
First. — In  placing  a  trestle  or  bolster  under  a  Howe  truss,  or  any 
other  truss,  it  should  be  placed  directly  under  the  panel  point,  not 
on  one  side  of  the  panel. 

Second. — The  fact  that  timber  is  only  about  seven  years  old  should 
not  cause  an  undue  confidence  in  its  condition.     In  this  case  the  lower 
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chords  were  just  as  badly  decayed  in   lesa  thau  seven  year-  as  -orce  Mr.  Qroiner. 
other  timbers  are  after  twelve  years. 

Third. — Bridges  designed  for  regular  traffic  are  not  always  fit  for 
shifting  purposes. 

IV.  "The  terms  'safe  working  stress'  and  'maximum  stress' 
have  no  definite  meaning,  owing  to  the  various  ways  engineers  have  of 
providing  for  the  dynamic  effects  of  live  load-.  Static  Btresa  can  be 
figured,  impacts  must  be  guessed.  When  the  two  are  combined  to 
form  what  is  called  the  total  stress,  the  result  ifl  a  guess  and  the  actual 
figured  stresses  are  obliterated.  It  would  therefore  appear  better 
practice  if  engineers  would  preserve  the  stresses  which  they  can  fig- 
ure and  provide  for  dynamic  effects  by  varying  the  unit  stresses  in  the 
different  spans  and  members  inversely  as  the  effects  of  shock  vary." 

In  order  to  provide  for  the  dynamic  effects  of  moving  trains, 
defects  in  material,  for  bulk  in  members,  and  to  be  a  little  safer  than 
just  safe,  the  author  stated  that  '-no  one  can  deny  that  a  stress  less 
than  the  elastic  limit  for  dead  loads  and  less  than  one-half  the  elastic 
limit  for  live  loads  must  be  used  in  considering  whether  or  not  a 
structure  is  safe."  Mr.  Schneider  says  he  can  deny  it.  As  stresses  must 
be  either  less,  equal  to.  or  more  than,  a  stated  amount,  and  it  is  denied 
that  they  are  less,  it  follows  that  they  are  equal  to  it  or  more.  In  order 
to  sustain  his  denial  it  should  have  been  shown  that  dead  load  stresses 
can  be  taken  equal  to  or  above  the  elastic  limit,  and  live  load  stresses 
equal  to  or  more  than  one-half  the  elastic  limit.  As  this  would  be 
quite  contrary  to  Mr.  Schneider's  practice,  the  author  cannot  under- 
stand the  force  of  his  positive  denial,  unless  he  means  that  by  increas- 
ing the  figured  stresses  by  the  addition  of  impact  percentages  he  can 
use  one  common  unit  stress  for  both  dead  and  live  loads.  He  does 
this  in  his  specifications,  and  while  he  uses  a  uniform  unit  stress 
approximately  one-half  the  elastic  limit,  when  this  stress  is  separated 
into  its  two  component  parts,  the  one  for  the  dead  load  and  the  other 
for  the  live  load  considered  without  additions  for  the  impacts,  there 
will  result  stresses  which  are  below  the  elastic  limit  for  dead  loads 
and  below  one-half  the  elastic  limits  for  live  loads,  a  statement  which 
has  been  denied.     This  will  hold  true  for  his  limiting  stresses  also. 

Mr.  Schneider  says  that  the  formula  used  by  the  author  dis- 
guises the  fact  that  15  000  lbs.  per  square  inch  is  employed  for 
static  stresses,  and  100°^  is  added  to  the  figured  stresses  for  the 
dynamic  effects  of  an  all-live  load.  Is  not  the  reverse  equally  true,  or 
in  other  words,  does  not  the  100  %  impact  and  a  single  stress  of  15  000 

lbs.  simply  disguise  the  formula  7  500  (  1  -f  — — -  \  ?  It  therefore  ap- 
pears that  there  is  no  practical  difference  in  the  results  of  Mr. 
Schneider's  method  and  that  used  by  the  author.  The  one  dis- 
guises the  statement  of  the  other,  that  is  all;  and  since  one  represents 
the  fact  that  stresses  less  than  the  elastic   limit   for  all-dead,  and  less 
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trainer,  t  lian  one-half  the  elastic  limit   for  all-live,  loads  are  used,  the  other 
recognizes  precisely  the  same  statement,  and  fche  denial  of  the  author's 

assertion  lias  not    been  siist  a  i  lied . 

The  author  does  no1  condemn  all  methods  of  proportioning  brii 

other  than  the  one  proposed  by  .Joseph  M.  Wilson,  M.  Am.  Soo.  0.  ft.,  in 
his  paper  on  "Specifications  for  Strength  of  Iron   Bridges."*    As  was 

stated  in  the  paper  the  different  i lie;  hods  make  ii o  materia]  differenc 
far  as  weight  and  strength  of  bridges  are  concerned  when  designed  for 
the  same  loads.     It  is  the  Lack  of  uniformity  in  unit  stress,-,  as  used  by 

different  engineers  which  were  condemned  as  confusing  to  those  who 
have  not  the  time  or  inclination  to  look  into  the  allowances  which  have 
been  made  for  impacts.  In  order  to  compare  unit  stresses,  they  must  all 
be  reduced  to  the  same  basis,  and  it  surely  would  be  more  consistent 
practice  if  this  result  would  take  place.  Few  will  deny  that  engineers 
have  much  to  learn  concerning  the  dynamic  effects  of  moving  trains, 
and  while  the  experiments  quoted  by  Mr.  Schneider  indicated  certain 
results  in  a  particular  case  and  gave  a  basis  upon  which  to  make 
guesses  as  to  the  probable  effects  in  other  cases,  can  it  be  asserted 
that  the  percentages,  no  matter  how  intelligently  worked  out,  are  any- 
thing more  or  less  than  guesses  ? 

The  author  has  been  asked  to  mention  the  facts  upon  which  the 
formulas  used  in  his  specifications  are  based.  These  facts  are  men- 
tioned in  the  paper  on  page  299,  and  are  substantially  the  same  as 
those  upon  which  most  specifications  are  founded,  the  difference  being 
that  in  the  impact  percentages  to  figured  stresses,  the  sum  is  con- 
sidered as  the  total  stress,  while  it  may  or  may  not  be  the  total  stress, 
and  in  the  proposed  method  the  figured  stresses  are  surely  what  they 
represent  to  be,  namely,  stresses  produced  by  the  loads  considered  as 
static. 

The  various  methods  of  arriving  at  unit  stresses  may  be  mentioned 
in  this  connection  as  indicating  the  different  means  of  obtaining  the 
same  ultimate  results. 

First. — Impacts  for  counters,  hangers,  floor  beams,  stringers  and 
spans  under  100  ft.,  and  a  unit  stress  the  same  for  live  and  dead  loads. 

Second. — Impacts  as  above,  and  unit  stresses  for  dead  load  50% 
greater  than  for  live  load. 

Third. — Impacts  for  all  spans  and  all  members,  and  a  unit  stress 
the  same  for  live  and  dead  loads. 

Fourth. — No  impacts  and  dead  load  stresses  100%  greater  than 
those  for  live  loads. 

Fifth. — No  impacts  and  variable  unit  stresses. 

All  of  the  above  methods  are  in  use  and  each  has  its  advocates. 
The  author  therefore  should  not  be  condemned  because  he  has  selected 
the  method  which  appears  to  him  as  the  most  rational,  and  has  inad- 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XV,  p.  389. 
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vertently  criticised  other    methods   with  the  hope  that  more  specifi-  Mr.  Greinei. 
cations  will  in  future  follow  those   prepared  by  Mr.  Wilson,   so  that  f 

when  an  engineer  speaks  of  a  strain  or  stress  in  a  bridge  it  will  be 
known  what  he  means,  and  when  he  speaks  of  a  safe  working  stress  it 
will  be  generally  accepted  as  meaning  that  no  impact  additions  have 
been  made  to  the  figured  stres 

As  Mr.  Schneider  has  pointed  out  what  he  considers  as  inconsisten- 
cies in  the  Baltimore  and  Ohio  Railroad  specifications  and  has  asked 
for  an  explanation,  it  behooves  the  author  to  make  reply. 

To  be  consistent,  the  Launhardt  formula  should  be  applied  to 
shearing  and  bearing  values  of  rivets,  etc.,  but  consistency  is  not  a 
virtue  in  this  respect.  These  values  are  taken  low  enough  to  meet  the 
worst  effects  of  a  moving  load  They  relate  to  details,  and  when  details 
are  strong  enough  to  develop  the  strength  of  the  members  which  they 
connect,  a  little  more  strength  in  some  cases  than  just  sufficient  will  not 
impair  the  safety  of  the  structure,  will  add  practically  nothing  to  the 
cost  of  the  bridge,  and  will  avoid  a  refinement  in  calculations  where 
such  refinement  will  not  justify  the  labor  involved.  In  the  case  of 
the  two  members  having  equal  section,  the  one  being  subjected  to  an 
all-live  load  and  the  other  to  equal  live  and  dead  loads,  the  two  members 
would,  as  Mr.  Schneider  states,  have  a  different  number  of  rivets  in 
their  splices.  Although  the  sectional  area  of  the  members  may  be  the 
same,  the  figured  stresses  are  different,  and  the  rivets  would  be  propor- 
tioned for  the  stresses,  not  for  the  area  of  section.  There  would  be  a 
sufficient  number  for  the  case  of  all-live  load  and  more  than  sufficient 
for  the  live  and  dead  load.  Can  any  one  seriously  object  to  this  when 
the  excess  pointed  out  happens  only  in  extreme  cases  and  involves  so 
little  material  ? 

The  Launhardt  formula  is  not  applied  to  combined  stresses  in 
chords  of  bridges,  because  the  author  considers  bridges  having  cross  - 
ties  resting  directly  on  the  chords  unsatisfactory,  except  in  riveted 
trusses  of  spans  between  the  limits  of  80  ft.  and  100  ft. ,  and  owing  to  the 
lack  of  accuracy  in  determining  the  stresses,  which  are  affected  by 
deflection,  splices  and  position  of  pins,  he  would  prefer  not  to  use  this 
arrangement  in  larger  spans.  Between  the  narrow  limits  of  80  ft.  and 
100  ft.  the  unit  stresses  would  vary  to  so  slight  an  extent  as  not  to  war- 
rant any  change,  and  a  fixed  value  in  accordance  with  good  practice  was 
therefore  assigned. 

The  comparison  of  the  two  methods,  when  applied  to  counters  in 
truss  bridges,  is  true  enough  from  a  theoretical  standpoint,  and  the 
specifications  should  have  stated  that  web  members  not  subjected  to 
counter  strains  by  the  specified  load  must  be  designed  to  withstand 
the  counter  strains  caused  by  an  increased  load  of  100%,  or  else  that 
counters  must  be  provided  for  one  panel  in  addition  to  the  require- 
ments of  the  specified  load.     Practically  no  engineer  in  good  standing 
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Mr.  Gtreiner,  would  Leave  out  counters  In  the  panel  where  the  live-load  compression 
is  equal  to  the  dead-load  tension,  or  where  these  opposite  strains  are 

BO  ncarlv  the  same  as  to  cause  doubt. 

In  comparing  the  author's  specifications  with  his  own,  Mr.  Schneider 
should  remember  thai  the  former  speoifioations  were  made  to  meet  the 
conditions  existing  on  the  Baltimore  and  Ohio  Railroad.  They  are 
special,  uot  general,  and  have  a  limited  application.  On  the  con- 
trary. Air.  Schneider's  specifications  are  general,  and.  are  designed 
to  meet  the  requirements  of  any  case  whatever,  and  therefore  their 
consistency  is  with  them  a  virtue.  The  Launhardt  formula  can  also 
be  consistently  applied,  should  it  be  desired,  and  the  author  still 
believes  it  would  tend  toward  more  uniform  practice  should  engineers 
vary  the  unit  stresses  instead  of  varying  the  figured  stresses  by  per- 
centage additions. 

V.  "  The  unit  stresses  of  750  lbs.  for  white  pine,  and  1  000  lbs.  for 
Georgia  yellow  pine,  as  given  in  text  books  since  Lanza's  experiments, 
are  absurdly  low,  because  good  and  safe  practice  sanctions  much 
higher  stresses." 

When  the  author  mentioned  absurdity  in  connection  with  working 
stresses  applied  to  rotten  timber,  he  did  not  mean  that  in  fixing  the 
sections  of  timber  stringers  it  is  absurd  to  consider  and  provide  for 
future  possibility  of  decay,  as  Mr.  Bates  has  understood  it.  The  ab- 
surdity does  not  refer  to  making  a  reasonable  provision  for  future 
deterioration,  but  in  advocating  a  fiber  stress  as  low  as  750  lbs.,  when 
good  and  safe  practice  has  justified  a  much  larger  stress.  Of  course 
timber  cannot  always  be  renewed  or  strengthened  on  the  first  appear- 
ance of  decay,  but  when  decay  has  attained  such  an  extent  that  the 
amount  of  sound  timber  becomes  an  uncertainty,  it  is  time  to  renew  it 
and  it  usually  is  renewed,  no  matter  whether  the  figured  stresses  on 
the  nominal  section  be  1  500  or  750  lbs.  The  primary  defects  in  tim- 
ber, such  as  knots,  shakes  and  sap,  as  well  as  season  cracks  and  decay, 
must  surely  be  considered  in  proportioning  timber  beams  as  well  as  in 
fixing  upon  what  limiting  stresses  should  be  permitted,  and  when  ad- 
vancing the  statement  that  1  600  lbs.  for  white  pine  and  1  800  lbs.  for 
Georgia  yellow  pine  are  the  highest  limits  that  the  author  would  sanc- 
tion for  sound  timber,  he  purposely  left  the  unsound  timber  to  indi- 
vidual judgment.  Safe  limits  can  be  fixed  approximately  for  sound 
timber,  but  who  can  assign  a  safe  working  stress  to  rotten  timber  ? 
There  have  been  cases  coming  under  the  author's  notice  where  timbers 
were  carrying  the  regular  traffic  up  to  the  time  of  their  removal,  but 
when  taken  from  the  track  and  turned  over  on  their  sides  they  broke 
from  their  own  weight,  the  interior  being  a  mass  of  dry  rot. 

VI.  The  cited  examples  of  overstrained  bridges  appear  to  indicate 
either  that  an  all-live  load  does  not  produce  twice  the  strain  caused  by 
an  all-dead  load,  or  else  the  usual  method  of  figuring  stresses  by 
wheel-load  moments  is  wrong.     The  author  does  not  claim  that  a  study 
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of  the  examples  cited  upsets  any  of  the  well  established  theories  of  Mr.  Greiner. 
mechanics  and  statics.  Is  it  a  theory  of  mechanics  that  a  load  moving 
over  a  bridge  is  a  suddenly  applied  load  ?  Mr.  Schneider  lias  denied 
this  to  be  a  fact.  Is  it  a  theory  of  statics  that  the  -wheel-load  moment 
method  applied  to  a  bridge  is  absolutely  correct  for  the  conditions  ex- 
isting'?  Mr.  Schneider  has  shown  that  strains  in  small  spans  can  be 
less  than  those  figured  by  this  method.  He  also  shows  that  an  exam- 
ination into  the  first  three  cases  reveals  the  fact  that  an  added  impact  of 
from  60%  to  65%  would  have  strained  these  bridges  up  to  the  elastic 
limit,  and  since  they  were  not  strained  to  this  limit  the  impacts  were  even 
less  than  given.  The  assumption  that  an  all-live  load  does  cause  twice 
the  stress  produced  by  an  all-dead  load  is   made  in  all  specifications 

which  use  the  unit  stress  formula,  a  =  u  I   1  -\ )  .     If  the  elastic- 

\  max./ 

ity  be  taken  at  26  000  lbs.  the  value  of  u  in  the  above  formula  must  be 
not  more  than  13  000  lbs.  in  order  that  this  limit  may  not  be  exceeded 
In  applying  the  formula -to  the  cases  in  question,  it  will  be  found  that 
in  every  case  the  value  of  u  exceeds  the  13  000  lbs.,  and  this  indicates 
that  the  elastic  limit  had  been  passed;  but  as  it  really  had  not  been 
exceeded,  the  author  maintains  that  the  examples  tend  to  show  that 
an  all-live  load  does  not  cause  twice  the  stress  of  an  all-dead  load, 
and  that  therefore  the  assumption  is  wrong,  although  it  is  wrong  on 
the  safe  side. 

VII.  Engineers  have  sifted  the  good  from  the  bad  in  bridge  designs, 
and  while  there  are  differences  of  opinion  as  to  what  is  and  what  is  not 
just  a  little  better  than  good  enough,  there  is  no  question  that  all  will 
agree  upon  what  is  fairly  good  construction,  and,  as  was  clearly  set 
forth  in  the  body  of  the  paper,  this  class  of  bridge  only  is  under  dis- 
cussion. The  safety  of  a  poor  bridge  cannot  be  discussed  in  general 
terms,  but  the  safety  of  a  good  one  can  be.  There  are,  of  course,  many 
cases  in  which  the  actual  stress  to  which  each  individual  member  is 
subjected  cuts  no  figure  because  the  design  may  be  poor  and  too  shaky 
for  the  increased  loads.  There  are  also  many  cases  in  which  it  becomes 
necessary  to  limit  the  unit  stresses  in  main  members,  although  the 
structure  apparently  is  capable  of  carrying  still  greater  loads.  Details 
should  receive  individual  attention,  independent  of  the  attention 
bestowed  upon  main  members,  and  in  considering  them  it  should  be 
remembered  that  the  strength  of  the  weakest  member  in  the  weakest 
bridge  on  the  line  of  a  railroad  is  a  measure  of  the  capacity  of  the 
traffic  on  the  road.  If  a  single  floor  beam  connection  should  break  and 
cause  a  wreck,  it  would  surely  be  poor  consolation  to  know  that  all 
other  connections  had  ample  strength.  Uniformity  of  strength  is  the 
desideratum  of  bridge  construction.  The  quantity  of  strength  is  more 
or  less  a  matter  of  judgment,  and  in  proposing  formulas  for  the  maxi- 
mum working  stresses,  which  should  be  allowed  in  main  members  of 
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Grelner.  bridges  of  good  design,  the  author  had  ld  vie*  uniformity  of  stren 

in  main  members,  and  the  details  strong  enough  to  develop  this 
strength.  It  will  lie  not  iced  that  sonic  engineers,  in  considering  the 
safety  of  an  old  structure,  entirely  disregard  impact,  and  will  allow  a 
uniform  safe  working  stress  aboul  ■">"",,  in  excess  of  what  they  would 
allow  on  a  new  bridge  where  Impacts  are  considered.  This  assumption 
it'  followed  out  will  place  suspenders  ami  Lighl  members  of  trusses  in 
positive  danger  long  before  the  limits  fixed  have  been  reached  in  the 
main  members.  The  author,  however,  understands  that  those  propo 
big  these  limits  use  them  merely  as  guides  for  final  judgment. 

Iu  order  to  make  a  fair  comparison  of  the  limiting  unit  stre 
which  are  considered  safe,  satisfactory  or  advisable  by  those  who  have 
ventured  an  opinion,  the  author  has  figured  the  flange  and  chord 
st  resses  in  plate  girders  and  trusses  up  to  200  ft.  span.  The  limiting 
unit  stresses  given  were  then  modified  where  necessary,  so  as  to  repre- 
sent the  quotient  obtained  by  dividing  the  actual  calculated  stresses 
by  the  area  of  section  of  the  member  considered.  The  bridges  were 
figured  for  86-ton  engines  followed  by  3  000  lbs.  per  foot,  and  a  dead 
load  given  by  Mr.  Pegram's  formula  for  this  class  of  engine,  with  the 
addition  of  350  lbs.  per  foot  for  weight  of  ties,  rails,  etc.  The  sections 
were  determined  by  applying  the  formula  used  in  the  Baltimore  and 
Ohio  specifications. 

Table  A  shows  limiting  stresses,  the  percentage  of  increase  of  the 
limiting  stresses  over  the  unit  stresses  used  in  the  design,  and  the  per- 
centage of  increase  of  live  loads  over  the  86-ton  engine. 

An  examination  of  the  table  reveals  quite  a  variation  in  the  limiting 
stresses  for  plate  girders,  but  a  much  better  agreement  in  those  for 
the  trusses.  Had  the  table  been  extended,  the  proposed  unit  stresses 
would  have  increased,  as  would  also  those  of  Messrs.  Wilson  and 
Schneider,  while  those  of  Messrs.  Pegram,  Hazlehurst  and  Yeatman 
would  remain  constant.  The  author  knows  that  Mr.  Montfort  would 
not  adhere  strictly  to  15  000  lbs.  as  spans  increased  in  length,  and 
would  consider  the  limits  fixed  by  the  author  as  approximating  the 
same  as  he  would  probably  use  in  such  cases.  Mr.  Wilson  has  not 
fixed  upon  the  units  given  opposite  his  name,  but  merely  considers 
them  safe,  without  saying  whether  he  would  go  higher  or  not.  Mr. 
Pegram's  proposed  units  are  very  low  for  plate  girders,  although  he 
stated  in  his  discussion  that  he  was  inclined  to  agree  with  the  limits 
fixed  by  the  author.  Messrs.  Bates  and  Snow  also  seem  to  believe  that 
the  stresses  proposed  by  the  author  are  on  the  safe  side  when  the 
conditions  are  as  stated. 

The  limiting  stresses  for  timber  beams  appear  to  be  considered 
about  right,  although  some  would  use  1  500  lbs.  for  white  pine,  and 
others  would  go  as  high  as  2  000  lbs.  for  yellow  pine,  it  being  under- 
stood that  the  timber  is  perfectly  sound. 
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Mr.  cn'inci.        in  closing  this  discussion,  which  has  been  oarried  to  an  extent  not 
anticipated,  the  author  desires  to  express  bis  appreciation  of  the  fn  •• 
iiiul  candid  opinions  advanced.     The  discussions  have  been  <»f  a  practi- 
cal nature,  and  the  records  of  wli.d  bridges  have  stood  and  what  they 

have  not  stood  will  surely  be  B  future  assistance  to  those  who  have 
questionable  bridges  to  look  aft er,  and  who  are  undecided  as  to  what 
action  should  be  taken.  A  good  rule  in  ease  of  serums  doubt  is  togive 
the  traveling  public,  not  the  bridge,  the  benefit.  Iron  is  cheap  when 
compared  with  human  life. 
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THE  DISCHARGE  OF  THE  MISSISSIPPI  RIVER. 


By  William  Stabling,  M.  Am.  Soc.  C.  E. 
Read  November  6th,  1895. 


Difficulty  of  Ascertaining  the  Discharge  of  a  Great  River. — To  ascertain 
with  accuracy 'the  discharge  of  a  large  river  is  at  all  times  a  delicate 
and  dim  cult  business.  When  the  stream  is  of  enormous  dimen- 
sions, when  the  current  is  very  swift  and  irregular,  when  the  bed  is 
very  rough,  the  water  full  of  boils,  eddies  and  cross-currents, 
when  the  banks  and  bottom  are  highly  unstable,  and  are  suffer- 
ing considerable  mutations  from  day  to  day,  then  the  difficulty 
of  the  task  is  so  greatly  magnified  that  engineers  who  have  under- 
taken such  a  work  have  more  than  once  been  tempted  to  give  up,  in 
despair  of  securing  even  a  reasonable  approach  to  precision,  and  many 
have  abandoned  the  effort  and  have  been  contented  with  approxima- 
tions, not  pretending  to  come  nearer  than  within  ten  per  cent,  or  so  of 
the  truth. 

The  Extreme  High- Water  Discharge  of  the  Mississijtyi  Has  Never  Been 
Measured. — It  has  never  been  found  practicable  to  ascertain  by  direct 
observation   the   extreme   high-water   discharge   of    the    Mississippi, 

*The  Discussion  and  Correspondence  on  this  paper,  part  of  which  was  presented  at 
the  meeting  of  November  20th,  1895,  will  be  priuted  in  a  subsequent  number. 
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i"  oause  the  stream  has  never  been  confined  between  its  banks  at  snoh 
a  stage.  There  axe  some  portions  of  the  alluvial  trallev  of  the  Missis- 
sippi where  the  river  has  never  been  restrained  by  Levees  .it  all.  Iii 
the  pari  which  is  so  controlled,  the  Levee  system  is  still  so  Car  from 
complete  that  iii  great  freshets  the  Levees  have  broken  at  one  place-  or 
another  before  the  top  of  the  flood  has  been  readied.  The  measure- 
ment of  the  discharge  at  such  times  has  been  only  partial,  and  inde- 
pendent estimates  have  been  made  of  the  losses  through  crevasses, 
escapes  over  unleveed  banks,  etc.,  which  estimates  are  usually  very 
rough  and  unsatisfactory. 

For  a  clear  understanding  of  what  is  to  follow,  it  will  be  necessary 
to  have  some  knowledge  of  the  topography  of  the  Mississippi  Valley. 

Topography. — The  alluvial  plain  of  the  Mississippi  begins  a  short 
distance  above  Cairo,  and  embraces  small  portions  of  the  Ohio  Valley 
and  that  of  the  united  upper  Mississippi  and  Missouri  Rivers.  The 
Mississippi  proper,  or  lower  Mississippi,  then,  occupies  a  wide  valley 
or  bottom,  lying  between  two  nearly  parallel  ranges  of  tertiary  hills, 
usually  capped,  with  loess.  This  plain  runs  in  a  direction  from  a  little 
east  of  north  to  a  little  west  of  south,  and  occupies  a  distance,  measured 
by  parallels  of  latitude,  of  7°  51 ',  or  about  544  miles.  By  an  air-line 
it  is  almost  exactly  the  same.  The  course  of  the  river  from  Cairo  to 
the  head  of  the  passes  is  about  1  060  miles. 

The  river  does  not  run  through  the  middle  of  its  valley,  but  like 
other  streams  skirts  the  hills,  first  on  one  side  and  then  on  the  other. 
After  leaving  Cairo,  its  tendency  seems  to  be  southward,  but  it  is  held 
in  check  by  the  bluffs  on  the  left  bank,  and  consequently  hugs  their 
base,  with  the  exception  of  a  few  small  basins,  till  it  reaches  Memphis. 
The  hills  on  the  right  or  western  bank  are  consequently  far  from  the 
river.  The  valley  here  expands  into  a  large  area  known  as  the  Saint 
Francis  Basin,  because  it  is  drained  by  the  river  of  that  name. 

The  Saint  Francis  Basin. — The  bluffs  which  border  the  western 
limit  of  this  territory  meet  the  Mississippi  at  Helena,  just  below  the 
mouth  of  the  Saint  Francis  River.  There  are  no  gaps  in  this  range  of 
low  hills  (called  Crowley's  Ridge),  and  all  the  water  which  escapes 
over  the  banks  of  the  Mississippi  into  the  Saint  Francis  Basin  returns 
into  the  main  river,  except  such  as  is  permanently  retained  in  the 
swamps  and  lakes  or  is  evaporated  or  lost  by  leakage. 

There  are  several  secondary  ranges  of  hills  in  the  Saint  Francis 
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Basin,  which  play  an  important  part  in  the  phenomena  of  overflow. 
The  first  of  these  extends  from  Commerce  to  New  Madrid,  in  Missouri. 
This  ridge  is  so  high  and  has  so  few  gaps  that  it  almost  isolates  the 
small  part  of  the  great  basin  cut  off  by  it  from  the  rest;  the  water  that 
leaves  the  main  river  above  New  Madrid  nearly  all  returns  at  or  above 
that  point. 

The  other  ridges  are  only  of  local  consequence. 

The  Saint  Francis  Basin  exercises  a  great  disturbing  influence  on 
the  discharge  of  the  Mississippi  at  high  stages.  A  quantity  estimated 
at  250  000  or  300  000  cu.  ft.  per  second  is  abstracted  from  the  river  be- 
tween New  Madrid  and  Memphis,  and  returns,  sooner  or  later,  between 
Memphis  and  Helena.  The  basin  is  of  great  dimensions,  containing 
about  6  000  sq.  miles,  exclusive  of  the  New  Madrid  Basin,  and  its  action 
as  a  reservoir  is  very  complicated,  and  is  still  imperfectly  understood. 

The  Yazoo  Basin. — On  the  left  bank,  below  Memphis  and  extending 
as  far  south  as  Vicksburg,  is  the  great  Yazoo  Basin,  formed  by  the 
Mississippi  and  a  semi-circular  range  of  hills.  It  is  completely  lined 
by  levees,  and  exercises  no  disturbing  influence  except  when  crevasses 
occur.  It  is  to  be  observed,  however,  that  in  1882,  1883  and  1884,  it 
was  only  partially  protected  by  levees,  and  that  enormous  volumes  of 
water  escaped  over  the  banks  and  through  breaches  in  the  dikes,  re- 
turning at  Vicksburg,  where  the  Yazoo  River  enters  the  Mississippi, 
draining  the  entire  basin.  In  1890  several  great  crevasses  occurred, 
by  which  the  regimen  of  the  river  was  considerably  altered.  The  area 
of  this  territory  is  6  648  square  miles.* 

The  Wliite  River  Basin. — Below  Helena,  on  the  right  bank,  there  is 
the  small  but  important  White  River  Basin,  containing  956  square  miles. 
This  area  is  formed  by  a  recession  of  the  hills  to  a  distance  of  13  or  14 
miles.  Through  it  enter  the  White  and  Arkansas  Rivers,  which  in- 
terosculate  at  their  mouths,  and  discharge  mostly  through  a  common 
orifice,  the  old  mouth  of  White  River,  though  the  disused  mouth  of 
the  Arkansas  sometimes  delivers  a  very  considerable  volume.  The 
two  mouths  are  about  9  miles  apart,  the  mouth  of  the  Arkansas  being 
the  lower.  Several  small  streams  contribute  to  drain  this  basin, 
and  empty  into  the  Mississippi  above  Arkansas  City.  The  principal 
of  these  is  Cypress  Creek. 

*  These  and  the  figures  for  the  other  basins  are  taken  from  the  valuable  publication, 
"  The  Mississippi  from  St.  Louis  to  the  Sea,"  by  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. 
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The  White  River  Basis  has  do  w<-ii  defined  natural  boundary  on  its 
southern  side,  i>ut  is  joined  fco  fche  Tensas  Basin.  An  artifloia]  limit 
has  been  given  to  it.  however,  l>\  tin-  erection  of  a  high  and  strong 
embankmenl  along  fche  righl  or  Bonthern  border  of  Cypress  Greek, 
extending  fco  fche  uplands,  which  are  here  only  about  5  miles  in  a 
Btraight  line  from  the  river.  Though  relatively  high  and  pre-alluvial, 
these  lands,  like  some  of  the  ridges  in  the  Saint  Francis  Basin,  are 
not  entirely  above  overflow.  In  times  of  great  floods  from  the  Arkan- 
sas and  White  Rivers,  considerable  volumes  of  water  have  been  dis- 
charged around  the  end  of  the  levee,  as  will  be  shown  hereafter. 
During  the  past  year,  this  levee  has  been  enlarged  and  extended, 
and  it  will  doubtless  confine  all  floods  of  the  Arkansas  except  the 
greatest. 

The  Tensas  Basin. — The  Tensas  Basin  is  now  also  completely  en- 
closed by  levees.  This  area  extends  from  the  southern  end  of  the 
White  River  Basin,  or  Cypress  Creek,  to  the  mouth  of  Red  River.  It 
contains  5  370  square  miles.  Its  drainage  is  through  various  rivers  and 
bayous  into  Red  River. 

TJie  Atchafalai/a  and  Pontcliar  train  Basins. — Below  Red  River  is 
the  Atchafalaya  Basin,  and  on  the  left  bank  below  Baton  Rouge  is  the 
Pontchartrain  Basin,  neither  of  which  is  important  to  the  present  sub- 
ject. 

The  configuration  of  the  great  alluvial  plain  and  of  its  subdivisions, 
and  the  positions  of  the  principal  stations  with  which  this  paper  is 
concerned  are  shown  in  Fig.  1.* 

Gauges. — Gauges  are  placed  at  all  points  where  tributaries  enter, 
and  at  many  important  intermediate  stations.  They  are  placed  at 
variable  distances  apart,  averaging  about  40  miles.  Each  of  the  im- 
portant affluents  also  has  one  or  more  gauges  along  its  course.  Table 
No.  I,  on  page  352,  gives  the  distances  of  the  gauge  stations  on  the 
Mississippi  from  the  Cairo  gauge,  and  the  elevations  of  their  respective 
zeros.  As  the  height  of  the  mean  Gulf  level  is  not  accurately  deter- 
mined, elevations  are  referred  to  the  Cairo  datum,  as  it  is  called,  which 
is  a  point  290.84  ft.  below  the  zero  of  the  Cairo  gauge.  The  Memphis 
datum,  which  is  also  much  used  in  river  work,  is  13.13  ft.  above  the 
Cairo  datum. 

*  Reproduced,  by  permission,  from  Mr.  Ockerson's  "  The  Mississippi  River  from  St. 
Louis  to  the  Sea,"  1892. 
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Fig.  1. 
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TAHLK  No.  I.     Gauge  Stations  oh  the  MisMssnti  Etrvsa. 

i 'i  i.uii-r,  i .1,  i . 1 1 ion. 

Cairo    00.0  290.84 

Belmonl  (formerly  Oolnmbne) . .  21.8  287.U* 

Morrison's  Landing 60.0  275. 80f 

New  Madrid 70.8  275.'72 

Cottonwood  Point 123.0  250.62 

Pnlton 175.4  228 

Memphis 230.0  208.97 

M  I  loon's  Landing 277.3  181.48$ 

Helena    306.5  161.98 

Sunflower  Landing 352.7  147.08 

Mouth  of  White  River 394.4  128. 73$ 

Arkansas  City 438.3  116.44|| 

Greenville 478.3  108.00 

Wilson's  Point 531.2                     93.45fl 

Lake  Providence 542. 3                      89. 62 

Vicksburg 599.3                     66.04 

Saint  Joseph 648.7                     52.74** 

Natchez 700.3                     36.89ft 

Red  River  Landing 765. 1                      23. 85 

Bayou  Sara 799.8                     23.95 

Baton  Rouge 833.3                      20.06 

Plaquernine 854.1                      21.06 

Donaldsonville 885. 4                     19. 47$$ 

College  Point  904.5                     21.4 

Carrollton 957.0                     20.91 

Fort  Jackson 1039.0                     19.26$ 

*  This  is  the  value  formerly  used.  Levels  of  1893  make  it  287.394.  The  zero  of  the  old 
Columbus  gauge,  used  until  June  8th,  1884,  was  229.14. 

t  This  gauge  was  used  for  New  Madrid  until  1882,  when  a  new  gauge  was  established  at 
the  latter  place. 

t  The  present  gauge  is  nearly  2  miles  below  the  former  position.  The  change  seems  to 
have  occurred  at  the  beginning  of  1892. 

§  The  distance  is  given  by  the  Mississippi  River  Commission  as  393.2.  The  gauge,  how- 
ever,  is  1.2  miles  below  the  mouth  of  the  river. 

II  The  elevation  was  given,  prior  to  1887,  as  116.35. 

TJ  So  for  1893.  In  previous  years  the  distance  is  about  the  same,  but  the  elevation  was 
taken  the  same  as  at  Lake  Providence,  namely,  89.62.  This  is  not  a  regular  gauge  station, 
but  is  of  importance  from  the  number  of  discharges  taken  there. 

**  The  distance  is  given  by  the  Mississippi  River  Commission  as  648.3.  The  gauge,  how- 
ever, is  nearly  half  a  mile  below  the  town. 

tt  Since  May,  1884,  the  distance  of  Natchez  and  points  below  has  been  shortened  by  about 
12.5  miles  by  the  cut-off  at  Cole's  Point.  This  loss  has  been  partially  offset  by  increase  of 
length  in  the  bends  due  to  caving  banks,  etc.  The  distances  given  in  the  table  are  the  old 
ones,  for  want  of  accurate  information  as  to  the  changes. 

it  Provisional. 

§§  Since  1892. 
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The  gauge  at  Little  Rock  on  the  Arkansas  River  is  said  to  be  218 
miles  above  Arkansas  City.  The  elevation  of  the  zero  of  the  engi- 
neer's gauge  is  given  by  the  Coast  Survey  as  241.50. 

Jacksonport  seems  by  the  maps  to  be  about  280  miles  above  Arkan- 
sas City  on  White  River.  The  elevation  of  the  zero  of  its  gauge  is  not 
known.  Neither  is  that  of  Clarendon  on  the  same  river.  The  latter 
place  seems  to  be  about  150  miles  above  Arkansas  City. 

Discharge  Observations. — Discharges  have  been  taken  at  Columbus, 
Point  Pleasant,  New  Madrid,  Fulton,  Memphis,  Hampton  Landing 
(10  miles  below  Memphis),  Helena,  Arkansas  City,  Wilson's  Point, 
Hays's  Landing  (10  miles  below  Lake  Providence),  Warrenton  (8  miles 
below  Vicksburg),  Red  River  Landing  and  Carrollton;  at  Paducah, 
on  the  Ohio  River;  at  St.  Louis,  on  the  Upper  Mississippi,  beside  a 
number  of  isolated  and  scattered  observations  at  other  points.  A  few 
measurements  have  also  been  made  on  the  lower  tributaries,  as  at 
Clarendon,  on  the  White  River;  at  Little  Rock,  on  the  Arkansas,  and  at 
Alexandria,  on  Red  River.  A  complete  list,  or  what  is  intended  to  be 
such,  of  all  discharges  taken  by  the  Mississippi  River  Commission  or 
published  by  them  is  appended,  and  will  be  found  in  Table  No.  II. 

TABLE  No.  II. — Discharge  Observations  Published  by  the  Missis- 
sippi River  Commission. 

Place  and  date.  Where  published. 

Columbus,  1879 Report  for  1894,  p.  2849 

Clarendon  (White  River),  1879 1894,  p.  2855 

Pine  Bluff  (Arkansas  River),  1879 1894,  p.  2852 

Alexandria  (Red  River),  1879 1894,  p.  2854 

Hampton,  1879 1886,  p.  2701 

Fulton,  1879-80     1881,  p.  98 

Carrollton,  1879-80 1882,  p.  112 

Prescott,  Wis.  (Upper  Mississippi),  1880-81 1882,  p.  120 

Winona,  Minn.,  1880-81 1882,  p.  127 

Clayton,  la.,  1880-81 ■ 1882,  p.  133 

Hannibal,  Mo.,  1880-81 1882,  p.  138 

Grafton,  111.,  1880-81 1882,  p.  142 

Saint  Louis,  Mo.,  1880-81 1882,  p.  147 

Paducah  (Ohio  River),  1882 1883,  p.  2584 

Columbus,  1882 1883,  p.  2607 

Helena,  1882 1883,  p.  2619 
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I'l.u-o  and  dat.«.  WIi-p-  pnMlllMJ. 

Mass's  Landing,  L882 Report  for  1888,  p.  9698 

Red  River  Landing,  L882 1888,  p.  2843 

Bnllerton,  1888 L889,  p,  9648 

Wilson's  Point,  1888 1890,  p.  8178 

Car  roll  t..n.  1883,  in  Report  for  1883,  p.  287G,  and 1881),  p.  2649 

Pnlton,  L884 L889,  p.  2648 

Wilson's  Point,  1884 1890,  p.  8178 

Hays's  Landing,  1884 1891,  p.  8488 

Waterproof  Cut-Off,  1884 1891,  p.  3488 

Point  Pleasant,  1884-85 1887,  p.  2818 

Helena,  1884-85 1887,  p.  2830 

Arkansas  City,  1884-85 1887,  p.  2838 

Warrenton,  1884-85 1887,  p.  2843 

Red  River  Landing,  1884-85 1887,  p.  2852 

Carrollton,  188^-85 1887,  p.  2859 

Wilson's  Point,  1885 1890,  p.  3174 

Wilson's  Point,  1887,  in  Report  for  1887,  p.  2888 1890,  p.  3174 

and  1891,  p.  3496 
Arkansas  City,  1887,  in  Report  for  1887,  p.  2888 1890,  p.  3164 

and  1891,  p.  3489 
Wilson's  Point,  1888,  in  Report  for  1890,  p.  3174,  and  1891,  p.  3496 
Wilson's  Point,  1889,  in  Report  for  1890,  p.  3174,  and  1891,  p.  3496 
New  Madrid,  1888-89,  in  Report  for  1890,  p.  3153,  and  1891,  p.  3501 

Helena,  1888-89,  in  Report  for  1890,  p.  3160,  and 1891,  p.  3508 

Arkansas  City,  1889,  in  Report  for  1890,  p.  3167,  and  1891,  p.  3492 

Warrenton,  1889 1891,  p.  351S 

Red  River  Landing,  1889 1891,  p.  3518 

Carrollton,  1889 1891,  p.  3523 

Below  New  Madrid,  1890,  in  Report  for  1890,  p.  3157,  and  1891,  p.  3531 

Plum  Point  Reach,  1890 1891,  p.  3534 

Memphis,  1890 : 1891,  p.  3535 

Helena,  1890 Report  for  1891,  p.  3536 

Saint  Francis  Basin,  1890 .1891,  p.  3546 

Arkansas  City,  1890 .1891,  p.  3537 

Wilson's  Point,   1890,  in  Report  for  1890,  p.  3175,  and  1891,  p.  3527 

Wilson's  Point,  1890  (low  water) 1892,  p.  3144 

Warrenton,  1890 1891,  p.  3538 
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Natchez,  1890 Report  for  1891,  p. 

Red  River  Landing,  1890 1891,  p. 

Baton  Rouge,  189U 1891,  p. 

Carrollton,  1890 1891.  p.  : ■;:.  1 1 

Cairo,  1891 1892,  p.  3127 

Columbus,  1891 1892,  p.  3127 

Plum  Point  Reach,  1891 1892,  p.  J    28 

Fulton,  1891 1892,  p. 

Memphis,  1891 1892,  p.  8129 

Helena,  1891 1892,  p. 

Arkansas  City.  1891 1892,  p.  i      _ 

Louisiana  Bend,  1891 1892,  p.  3135 

Wilson's  Point,  1891 1892,  p.  3134 

Natchez,  1891 1892,  p.  3136 

Red  River  Landing,  1891 1892,  p.  3137 

Carrollton.  1891 1892,  p.  3138 

Henry  Clay  Avenue  (below  Carrollton),  1891 1892,  p.  3139 

Saint  Louis,  1892 1893,  p.  3682 

Columbus.  1892 1893,  p.  3682 

Fulton,  1892 1893.  p. 

Memphis.  1892 1894,  p.  2858 

Helena,  1892 1893,  p.  3684 

Chicot  City.  1892 1893,  p.  J 

Arkansas  City,  1892 1893.  p.  3686 

Wilson's  Point,  1892 1893,  p.  3688 

Natchez,  1892 1893,  p.  i 

Red  River.  1892 1893,  p.  I 

CarroUton,  1892 1893, 

Clarendon,  1892 1894,  p.  2856 

Little  Rock,  1892 1893,  p. 

Monroe  |  Ouachita  River).  1892 1893,  p.  3694 

Alexandria    Red  River),  1892 1893,  p. 

Columbus.  1893 1^94.  p.  282J 

New  Madrid,  1893 1894,  p.  2826 

Fulton,  1893 1894,  p.  2827 

Helena,  1893 1^94.  p.  2828 

Arkansas  City,  1893 1^94.  p.  2*29 


BTi  i;i.i  BTG    <»\    DI8<  BARGE   01     i  BE    MISSISSIPPI. 

i'i; !<•«■  tad  data,  w  ii.  re  pnblldMd. 

Wilson's  Point,  L898 Report  for  L894,  p.  2 

i:  d  River  Landing,  L888 L894,  p.  2837 

Can.. lit. »n.  L893 1894,  p.  2842 

Little  Rook,  L898 L894,  p.  2840 

Clarendon,  1893 1H'.»4,  p.  2*10 

No  discharges  through  outlets  or  crevasses  have  been  included  in 

this  list. 

History. 

Ihnnplireys  and  Abbot. — It  is  not  now  necessary  to  consider  observa- 
tions made  at  an  early  date.  The  discharges  taken  by  Humphreys 
and  Abbot  were  based  on  the  assumption,  supposed  to  be  established 
by  experiment,  of  an  invariable  datum  cross-section.  This  having 
been  carefully  measured,  the  particular  area  corresponding  to  any 
gauge  height  was  merely  scaled  off  on  the  general  plot,  the  area,  there- 
fore, being  the  same  whenever  the  gauge  showed  the  same  reading. 
This  assumption  is  now  known  to  be  erroneous.  The  area  undergoes 
very  great  changes  from  day  to  day,  most  of  which  are  accompanied 
by  simultaneous  changes  of  velocity.  The  measurement  of  the  latter 
element,  therefore,  and  not  of  the  former,  is  likely  to  lead  to  very 
serious  error. 

The  velocities  were  observed,  in  1851,  at  as  many  different  depths, 
and  in  as  many  different  positions  as  possible.  In  1858  they  were  taken 
at  a  uniform  depth  of  5  ft.  below  the  surface.  For  the  partial  sections 
not  adjacent  to  the  shore,  the  observed  velocities  in  1851  were  con- 
sidered the  mean  velocities.  In  the  shore  divisions  a  coefficient  of 
eight-tenths  was  applied  for  reduction.*  In  1858  the  observed  veloci- 
ties in  the  divisions  not  near  the  shore,  at  a  depth  of  5  ft.,  were  reduced 
by  means  of  a  formula,  half  empirical,  half  rational,  most  laboriously 
worked  out  by  a  process,  partly  experimental,  partly  graphic,  partly 
analytical,  impossible  to  follow  or  to  verify,  consisting  of  combinations 
of  curves,  grouping  of  data  and  cutting  and  fitting  generally.  There 
results  from  all  this  hocus-pocus  the  following  formidable  expres- 
sion :  f 

£,__ U* 

E>  ""  Um+    /l    .    (0.317  +  0.06/)  (10  r  —  r2  —25) 


/l  +  (0.317  +  0-06/)  (l0r-r--25K  (g  ^ 


*  "  Report  upon  the  Physics  and  Hydraulics  of  the  Mississippi  River."     By  Humphreys 
and  Abbot.    Edition  of  1876,  pp.  234-35. 
t  The  same,  p.  276. 
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Coefficient  of  Reduction. — From  this  equation  tables  of  corrections 
were  prepared  for  the  different  observation  stations,  by  which  the 
observed  velocities  were  finally  reduced.  The  upshot  of  it  all  is  that 
the  ratio  between  the  mean  of  all  velocities  in  vertical  planes,  at  a 
depth  of  5  ft.,  and  the  mean  of  all  the  mean  velocities  in  vertical 
planes,  in  calm  weather,  varies  from  0.97  for  low  velocities  to  0.99  for 
high.  This  result  does  not  agree  at  all  with  later  determinations. 
According  to  the  elaborate  measurements  of  1882,  the  ratio,  at  all 
stages  and  stations,  was  about  0.91.  The  data  supplied  by  Humphreys 
and  Abbot,  moreover,  are  very  scanty,  and  are  of  no  use  for  exact 
investigation.  The  results  announced  by  them  can  be  accepted,  there- 
fore, only  as  api^roximations. 

The  errors  which  appear  in  the  work  of  these  pioneers  of  experi- 
mental river  hydraulics  should  not  detract  from  their  merits.  When 
the  entire  npvelty  of  the  problem  set  before  them  is  considered,  the 
want  of  any  precedents  to  guide  them,  the  magnitude  of  the  task,  the 
imperfect  means  at  their  command,  the  short  time  allowed  for  the  work 
and  the  rapidity  with  which  it  was  performed  and  the  results  matured 
and  announced,  their  achievements  seem  little  short  of  herculean. 
That  they  made  mistakes  is  not  surprising.  There  was  as  much  of  the 
soldier  as  of  the  engineer  in  General  Humphreys,  and  his  combative  and 
positive  character  has  given  a  deep  tinge  to  all  his  opinions.  Never- 
theless, the  work  must  always  stand  as  a  monument  of  original  re- 
search, of  colossal  labor  and  of  engineering  genius.  All  the  work 
done  since  has  been  based  on  the  model  set  by  them.  Engineers  of  the 
present  day  owe  them  an  everlasting  debt  of  gratitude.  Used  with 
discrimination,  their  work  is  still  of  great  value. 

Low- Water  Board  of  1879. — The  present  system  of  gauges  was 
organized  in  1871,  and  the  records  extend  back  to  the  latter  part  of 
that  year. 

In  1879,  a  number  of  discharges  were  taken  on  the  Mississippi  and 
some  of  its  tributaries  by  Colonel  Suter  and  Colonel  Benyaurd.  The 
results  of  these  have  only  lately  been  made  public.  They  have  fre- 
quently been  made  use  of  by  Colonel  Suter  and  others  as  the  basis  for 
calculations.  They  are  generally  known  as  the  work  of  the  "Low- 
Water  Board  "  of  1879. 

The  Mississippi  River  Commission,  1879-80. — In  1879  the  Mississippi 
Kiver  Commission  was  organized  ;    and  in  the  fall  of  that  year,  under 
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the  direction  of  the  secretary,  Captain  Leach,  discharges  were  taken 
at  Fulton  and  at  Carrollton,  and  observations  for  slope,  cross-section, 
etc.,  were  made  at  Lake  Providence.  These  were  by  far  the  most 
comprehensive  and  accurate  series  of  gaugings  yet  made.  They 
occupied  a  whole  year,  and  covered  a  very  wide  field,  embracing  the 
determination  of  curves  of  vertical  velocities,  transportation  of  sedi- 
ment, measurement  and  travel  of  sand  waves,  variations  of  slope  and 
cross-section,  etc. 

Current  and  Sediment  Observations  of  1880-81. — In  1880-81  a  series  of 
observations  was  taken  on  the  upper  Mississippi  from  Prescott,  Wis., 
to  St.  Louis,  now  most  useful  for  its  careful  data  on  the  subject  of  the 
transportation  of  sediment  in  suspension. 

Observations  of  1882. — These  works  were  a  preparation  for  the  yet 
more  important  labors  of  1882.  In  this  year  occurred  the  greatest 
flood  of  which  there  is  any  authentic  or  accurate  record.  Parties 
were  early  placed  in  the  field.  Discharges  were  taken  at  Paducah,  on 
the  Ohio  River,  just  above  Cairo  ;  at  Columbus,  Helena,  Hays's  Land- 
ing and  Red  River  Landing  on  the  Mississippi.  At  the  same  time, 
measures  were  taken  for  the  determination  of  the  escape  over  the 
banks  into  the  Saint  Francis  Basin,  and  the  unprotected  parts  of  the 
White  River,  Yazoo  and  Tensas  Basins,  as  well  as  through  the 
numerous  breaks  in  the  levees  of  all  the  basins  which  occurred  during 
this  portentous  flood.  A  mass  of  information  was  thus  gathered 
which,  imperfect  as  it  is,  furnishes  most  of  the  existing  knowledge  of 
the  maximum  flow  of  the  Mississippi,  and  has  contributed  greatly  to 
the  correct  understanding  of  the  general  movements  of  that  mighty 
stream. 

The  necessity  for  great  accuracy  in  the  measurements  of  the  dis- 
charge was  not  at  first  apparent.  Had  it  been  never  so  evident,  the 
means  were  not  at  hand  for  its  attainment.  The  men  were  compara- 
tively untrained,  the  methods  new,  the  outfits  wholly  inadequate, 
scraped  together  in  a  hurry,  and  eked  out  often  with  makeshifts  and 
home-made  devices,  adapted  to  the  work  by  the  genius  or  non-genius 
of  the  engineer  in  charge.  The  current  meter  was  at  that  time  a 
comparatively  untried  instrument,  and  the  form  in  use  was  not  suited 
to  the  turbulent,  muddy,  drift-laden  Mississippi.  Existing  formulas 
for  the  use  of  floats  were  often  inapplicable  to  the  new  conditions. 
New   sources    of   error   were   discovered.      Base  lines   were   wrongly 
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measured  in  the  hurry.  Lead-lines  had  stretched  several  feet  before 
the  error  was  detected.  Instruments  were  broken  by  rough  usage  and 
could  not  be  replaced,  or  sometimes  failed  to  do  the  work  expected  of 
them.  Notwithstanding  all  these  drawbacks,  the  measurements  are 
not  extremely  discordant  with  one  another  or  with  the  probabilities  of 
the  case,  and  indeed  sometimes  exhibit  fewer  discrepancies  than 
others  taken  with  more  precautions  and  refinements.  The  records,  as 
they  are  presented,  appear  in  their  native  nakedness.  No  attempts 
have  been  made  to  reconcile  their  discrepancies.  Indeed,  they  greatly 
need  an  intelligent  discussion,  such  as  has  been  bestowed  on  those  of 
1884-85.  The  notes  which  accompany  the  reports  are  usually  very 
meagre,  and  give  very  little  insight  into  special  sources  of  error  which 
were  undoubtedly  present. 

In  1883  and  1884  measurements  were  continued  of  the  escapes  of 
water  through  crevasses  and  outlets  and  over  banks. 

Observations  of  1884-85. — The  next  noteworthy  series  of  observa- 
tions was  taken  in  1884-85,  extending  from  about  October  to  A|3ril. 
Complete  measurements  were  taken  at  Point  Pleasant,  Helena, 
Arkansas  City,  Hays's  Landing,  Warrenton  (below  Vicksburg),  Eed 
River  Landing  and  Carrollton.  These  observations  were  published  in 
1887,  with  a  full  discussion  and  very  satisfactory  notes  by  L.  L. 
Wheeler,  M.  Am.  Soc.  C.  E.  Mr.  Wheeler's  comments  throw  much 
light  on  the  difficulties  which  attend  the  taking  and  the  reduction  of 
discharge  observations,  and  point  out  the  means  of  correcting  many 
errors. 

Observations  of  1889. — From  the  failure  of  appropriations  very 
little  was  done  in  the  way  of  gauging  the  flow  of  the  river  until  1889, 
when  a  series  of  measurements  covering  four  or  five  months  was  made 
at  New  Madrid,  Helena,  Arkansas  City,  Warrenton,  Red  River  Landing 
and  Carrollton.  Full  details  are  given  of  methods,  etc. ;  1889  was  a 
year  of  low  water,  and  the  observations  embrace  only  medium  stages. 

High- Water  Discharges  of  1890,  1891,  1892  and  1893.— The  years 
1890,  1891,  1892  and  1893  were  all  high-water  years,  and  discharges  were 
taken  at  several  of  the  stations  during  the  period  of  flood,  and  some- 
times isolated  measurements  were  made  at  low  water.  Many  of  the 
observations  were  taken  with  extreme  care,  and  in  almost  all  cases  the 
data  are  accompanied  by  complete  explanatory  notes.  Sometimes 
very   curious  phenomena  are  revealed  by  these  high-water  observa- 
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bion8,  and  some  of  the  apparent  anomalies  which  they  present   have 
not  yet  been  satisfactorily  explained. 

Measurement  of   Cross-Sections. 

It  is  not  intended  to  give  an  essay  on  the  practice  of  ganging 
rivers,  which  would  of  itself  require  an  elaborate  paper,  and  would 
demand  for  its  treatment  much  experience  on  the  part  of  the  author. 
It  is  only  desired  to  call  attention  to  the  sources  of  the  many  errors 
and  discrepancies  in  the  records  of  this  sort  of  work,  and  especially  in 
the  case  of  the  Mississippi,  with  the  view  of  discriminating  between 
real  errors  and  mere  apparent  anomalies  or  puzzling  incidents,  which 
may  be  very  genuine  and  may  afford  the  key  to  the  discovery  of  new 
laws. 

Soundings. — Depths  have  been  measured  from  the  earliest  times  in 
very  nearly  the  same  way.  In  Humphreys  and  Abbot's  day,  in 
1879-80,  and  generally  up  to  a  recent  date,  soundings  have  usually 
been  taken  by  the  "drifting"  method,  the  line  being  lowered  to  a 
position  near  the  bottom  just  before  passing  the  range  line,  and 
dropped  to  actual  contact  at  the  moment  of  crossing.  From  a  skiff, 
catamaran  or  launch,  doubtless  this  is  the  best  way.  Where  a  steam- 
boat is  used,  it  is  customary,  at  the  present  time,  to  proceed  as  in  tak- 
ing deep-sea  soundings  on  shipboard,  that  is,  the  line  is  stretched  fore 
and  aft,  along  the  guards  of  the  boat,  the  lead  being  in  front.  The 
lead  is  then  heaved,  and  the  sounding  is  read  as  the  line  comes  to  a 
perpendicular  at  the  after  part  of  the  boat.  Either  method  is  good 
enough  if  due  pains  are  used  to  insure  accuracy. 

The  first,  most  obvious  and  most  necessary  precaution  to  be  taken 
is  to  see  that  the  lead-line  is  of  the  correct  length.  In  the  careful  ob- 
servations of  the  present  day,  the  line  is  tested  before  and  after  each 
day's  work  and  the  necessary  correction  inserted  in  the  field-book 
opposite  each  sounding.  The  notes  accompanying  the  earlier  ob- 
servations give  very  few  particulars  in  this  regard.  Humphreys 
and  Abbot  used  a  welded  chain.  The  common  lead-line  has  been  em- 
ployed by  almost  all  others,  however,  often  checked  by  the  occasional 
use  of  piano  wire.  Almost  no  assurances  are  given  in  the  work  of  1882 
that  any  pains  were  taken  to  insure  accuracy  of  measurement  in  depths. 
In  Mr.  Wheeler's  discussion  of  the  observations  of  1884-85  there  are 
many  instances  showing  the  possibilities  of  error  that  exist  in  taking 
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soundings,  and  likewise  the  frequency  of  such  errors.  At  Helena,  on 
October  11th,  the  lead-line  was  tested  and  was  found  to  have  shrunk  3 
ft.  in  50  ft.,  and  there  were  no  data  for  determining  what  the  error  was 
on  previous  days.  At  Arkansas  City  the  corrections  were  made  once 
a  week,  "  but  on  some  occasions  large  changes  took  place  in  the  lead- 
line with  no  means  of  determining  just  when  the  change  occurred." 
At  Warrenton  the  soundings  were  corrected  for  errors  of  the  lead-line. 
The  corrections  during  the  latter  part  of  the  season  were  very  large, 
being  about  12  ft.  in  70  ft.  At  Red  River  Landing  no  tests  of  the  lead- 
line are  recorded  in  the  notes,  and  no  corrections  are  given  or  have  been 
applied.  Mr.  Wheeler  notes  that  a  large  change  took  place  in  the 
datum  area  between  January  3d  and  January  6th.  "It  is  much  to  be 
doubted  if  such  a  change  really  took  place.  The  only  note  which  has 
any  relation  to  the  subject  is  a  statement  in  the  journal  that  a  new 
lead-line  was  tagged  January  5th.  It  is  also  probable  that  a  heavier 
lead  came  into  use  on  January  6th."  The  change  thus  recorded  was 
about  10  000  sq.  ft.  of  area,  corresponding  to  2 A  ft.  of  mean  depth. 

The  location  of  the  sounding  stations  is  also  of  great  importance. 
If  the  exact  j^osition  of  the  point  where  each  sounding  is  taken  is  un- 
certain, how  can  one  day's  observations  be  compared  with  another's? 
The  usual  practice  has  been,  first  to  establish  a  range  line  by  proper 
signals  or  targets,  and  then  to  locate  velocity  stations  by  the  intersec- 
tion of  oblique  lines,  each  defined  by  two  numbered  targets,  on  one  or 
the  other  bank.  Soundings  are  often  taken  at  the  velocity  stations, 
but  not  necessarily;  but  as  the  measurements  of  depth  are  taken  at 
much  shorter  intervals  than  the  measurements  of  velocity  (50  ft.  as 
compared  with  200  ft.  or  more),  the  intermediate  stations  have  been 
fixed  by  angles  taken  from  a  base  line  by  a  transit  on  shore  or  a  sextant 
from  the  boat.  To  show  the  possibilities  of  error  in  this  particular, 
reference  is  again  made  to  Mr.  Wheeler's  discussion.  At  Point  Pleas- 
ant soundings  were  located  both  by  signals  and  by  angles. 

"  The  locations  by  angles  and  by  signals  in  the  main  are  quite  dis- 
crepant, and  it  has  been  found  impossible  to  reconcile  the  two  methods 
of  location.  The  notes  of  the  location  have  not  been  recorded  or  the 
computations  of  the  .same  preserved,  so  that  it  is  now  impossible  to 
prove  that  the  signals  were  in  the  right  places  to  make  intersections 
200  ft.  apart.  On  the  other  hand,  the  sextant  angles  show  discrepan- 
cies among  themselves,  so  that  it  is  certain  that  the  sextant  locations 
are  erroneous.     There  is  also  some  evidence  that  the  signal  locations 
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are  erroneous,  but  as  all  \  elocity  measurements  ami  all  soundings  after 
January  1st,  L885,  were  Located  by  these  signals  alone,  it  was  decided 
to  reject  the  sextant  angles  entirely  and  depend  upon  the  signals  for 

location." 

In  the  earlv  part  of  the  work  some  very  large  changes  took  place  in 
datum  areas,  and  in  such  a  manner  as  to  place  in  doubt  the  measure- 
ments of  areas  at  that  time. 

At  Warrenton,  positions  were  located  with  a  pocket  sextant,  too 
small  an  instrument  to  give  accurate  locations  with  the  small  angle 
employed.  The  soundings  were  not  taken  at  regular  intervals,  and 
up  to  December  15th,  the  velocities  were  also  measured  at  irregular 
distances. 

At  Red  River  Landing,  the  locations  of  the  soundings  were  deter- 
mined both  by  signals  and  by  sextant  angles.  The  two  locations  do 
not  agree  exactly,  but  the  difference  is  small. 

At  Carrollton,  the  soundings  were  taken  at  irregular  intervals,  and 
were  located  by  the  series  of  signals  on  the  right  bank.  In  the  revis- 
ion many  differences  were  encountered.  Some  of  them  could  be 
settled  by  a  reference  to  the  original  notes,  but  such  as  could  not 
were  settled  arbitrarily.  In  some  few  instances  the  notes  have  been 
corrected  arbitrarily  where  they  were  evidently  largely  in  error.  "  On 
a  large  number  of  days  velocities  were  observed,  but  no  soundings  were 
taken.  There  seems  to  have  been  no  good  reason  for  this.  It  was  de- 
cided to  interpolate  depths  for  those  days  when  soundings  were  not 
taken.     In  this  manner  depths  have  been  interpolated  for  39  dates." 

Degree  of  Accuracy  Attainable. — As  a  measure  of  the  accuracy  attain- 
able in  these  locations,  at  Wilson's  Point,  in  1891,  soundings  were 
located  simultaneously  by  a  transit  on  shore  with  a  base  of  1  600  ft. 
on  the  Louisiana  shore,  and  by  a  sextant  on  the  boat  to  a  base  of  1  000 
ft.  on  each  bank.  The  difference  varied  from  0  to  39  ft. ,  the  latter, 
however,  being  exceptional.  The  discrepancy  generally  did  not  ex- 
ceed 6  ft. ;  and  the  mean  difference  of  94  sets,  including  the  extreme 
case,  was  2.3  ft. 

It  is  the  opinion  of  the  engineers  in  personal  charge  of  this  wrork 
that  it  is  possible  to  measure  the  cross-section  with  a  near  approach  to 
accuracy;  and  that  the  figures  given  in  the  reports  of  discharge 
observations  as  representing  the  several  areas  are,  in  the  main,  nearly 
correct. 
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It  is  to  be  remembered,  however,  that  a  change  in  method  or  a 
change  in  the  personal  constitution  of  the  party  may  very  easily  cause 
an  apparent  change  in  area.  For  instance,  the  substitution  of  a  new 
leadsman  may  make  an  immediate  apparent  scour  or  fill  where  none 
really  existed.  The  change  of  a  single  foot  in  a  series  of  soundings 
will  make  a  change  of  4  000  sq.  ft.  or  so  of  area;  and  a  change  of  a  foot 
in  depths  of  60  to  100  ft.  is  easily  made. 

Changes  of  Cross-Section. — Frequently  very  large  changes  of  cross- 
section  occur  from  day  to  day,  being  generally  afterwards  compensated 
by  a  change  or  changes,  sudden  or  gradual,  in  the  opposite  direction. 
It  is  the  opinion  of  the  observers  that  these  changes  are  usually  genu- 
ine. They  may  be  due  to  the  passage  of  sand  waves,  to  violent  caving 
or  filling,  or  to  various  causes,  some  of  which  are  yet  unknown  or  ob- 
scure. In  corroboration  of  the  position  that  these  changes  are  real, 
it  is  to  be  noted  that  the  violent  fluctuations  in  question  are  usually 
accompanied  by  as  sudden  a  change,  in  the  inverse  sense,  of  velocity; 
which  would  not  be  the  case  if  the  discrepancies  were  fictitious  and 
proceeded  from  errors  of  measurement — unless  by  an  occasional 
coincidence. 

Measurement  of  Velocities. 

The  current  meter  is  used  almost  to  the  exclusion  of  all  other 
means  on  the  Mississippi,  at  the  present  time,  other  methods  being 
employed  only  occasionally  as  checks  or  under  exceptional  circum- 
stances. Many  observations  of  importance,  however,  have  been  taken 
by  floats;  and  in  view  of  certain  objections  which  experience  has  shown 
to  be  attached  to  the  current  meter,  engineers  are  sometimes  found 
who  are  disposed  to  recur  to  former  methods. 

Floats. — The  systems  of  measurements  of  velocity  by  double  floats 
and  by  rod  floats  are  well  understood.  In  the  former,  there  is  no 
essential  difference  at  the  present  day  from  the  method  pursued  by 
Humphreys  aad  Abbot.  In  the  latter,  there  are  some  modifications 
in  the  Mississippi  practice,  owing  to  the  great  depths  existing. 
Eod  floats  cannot  be  successfully  handled  if  more  than  35  or  40 
ft.  long.*  Consequently,  in  very  deep  water,  such  as  is  habitually 
found  throughout  the  greater  part  of  the  cross -section  in  the  Missis- 
sippi in  time  of  flood,  the  float  does  not  reach  half  way  to  the  bottom. 


*  Mr.  J.  H.  Davis,  in  "  Report  of  the  Mississippi  River  Commission  for  1883,"  pp.  2601,  2616. 
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It  i Iocs  not, therefore,  fulfil  its  mission  of  determining  the  mean  veloc- 
ity in  each  vertical  by  direct  observation,  but  the  results  have  to  be 
reduced  by  a  formula.     It  has.  to  be  smc.  some  advantages  oyer  a  but- 

t'are  float  or  one  immersed  only  5  ft.,  because  it  is  influenced  by  a 
greater  number  of  filaments,  and  thus  many  accidental  and  temporary 
irregularities  are  eliminated. 

As  to  the  confidence  to  be  placed  in  the  results  furnished  by  these 
instruments,  the  testimony  of  the  engineers  who  have  made  actual  use 
of  them  in  work  on  the  Mississippi  may  be  taken.  Says  Captain  Leach, 
at  Carrollton,  in  1879-80:* 

"  In  a  series  of  double  floats  run  in  rapid  succession,  at  the  same 
depth  and  over  the  same  path,  the  individual  results  have  been  observed 
to  vary  by  as  much  as  25  per  cent.  The  velocity  of  a  single  float  may, 
by  accident,  be  the  average  velocity  for  that  portion  of  the  stream,  but 
in  general  it  will  not;  and  however  exactly  it  may  be  measured,  it 
cannot  be  accepted  as  more  than  an  approximation  to  the  quantity 
desired.  Add  to  this  the  error  in  determining  the  cross-section,  and 
the  uncertainty  as  to  whether  the  section  measured  is  the  really  effective 
one,  and  it  seems  improbable  that  these  discharges  can  be  relied  on 
within  10  per  cent." 

At  Paducah,  in  1882,  W.  G.  Price,  M.  Am.  Soc.  C.  E.,  says:f 

"  I  think  double  floats  do  not  give  the  mid-depth  velocity,  owing 
to  the  effect  the  current  has  on  the  upper  float  and  connecting  wire. 
The  upper  float  is  also  affected  by  the  wind.  For  this  reason  the 
measurement  would  be  too  great  except  where  there  is  a  strong  up- 
stream wind,  when  it  might  be  too  small.  Measurements  of  vertical 
curves  of  velocity  with  double  floats  in  an  up-streani  wind  show  a  much 
greater  decrease  of  velocity  near  the  surface  than  the  same  measure- 
ments with  the  current  meter. 

"  The  mid-depth  velocity  is  not  always  a  mean  velocity.  I  think 
it  varies  with  different  sections  and  with  different  stages  of  water, 
being  from  1  to  4  per  cent. 

' '  There  is  no  check  on  any  of  the  observers,  one  of  whom  being  a 
careless  man  will  spoil  the  accuracy  of  the  work.  The  shore  observers 
may  work  with  their  instruments  out  of  adjustment;  they  may  miss 
the  float,  but  give  the  signal  as  though  all  was  right;  or  the  floats,  to 
save  labor,  may  not  be  adjusted  to  mid-depth,  and  the  chief  of  the 
party  may  not  know  it. 

' '  With  rod  floats,  when  they  are  observed  from  the  shore,  as  with 
double  floats,  there  is  no  check  on  any  of  the  observers.  Careless  ob- 
servers  will    let   the  float   project   too  much  out  of  water,  so  that  it 

*  "  Report  of  the  Mississippi  River  Commission  for  1882,"  p.  101. 
t  "  Report  of  the  Mississippi  River  Commission  for  1883,"  p.  2584. 
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is  affected  by  the  wind.     In  deep  water  floats  often  do  not  reach  to 
mid-depth. 

"  As  the  vertical  cnrve  of  velocity  varies  very  much  with  different 
sections,  and  also  at  different  points  on  the  same  section,  it  is  impossi- 
ble to  make  a  formula  which  will  reduce  the  observed  velocity  to  a 

true  mean.  For  this  reason, 
when  the  floats  do  not  reach 
nearly  to  the  bottom,  they 
may  not  be  as  accurate  as  the 
double  floats. 

"  During    the    time    these 
measurements  were  taken  the 
river  fell  from  about  a  medium 
stage   to   low  water.     At  first 
FlG- 2-  FlG- 3-  the  rod   float  discharges  were 

the  greater,  but  when  the  river  had  fallen  much  lower,  they  were 
less  than  those  taken  with  the  meter.  When  the  rod  float  discharges 
were  the  greater,  the  vertical  curves  of  velocity  were  like  Fig.  2,  and 
when  they  were  less,  they  were  like  Fig.  3.  This  showed  that  the 
observed  velocity  of  the  floats  had  not  been  reduced  enough  at  first, 
and  afterwards  too  much,  though  the  same  formula  (Francis's)  was 
used  all  the  time." 

Mr.  J.  H.  Davis,  at  Columbus,  in  1882,  remarks:* 
"  I  was  led  to  believe  that  at  times  the  surface  and  subsurface  parts 
were  acted  upon  by  almost  opposite  forces.  At  times  the  surface  float 
would  be  suddenly  drawn  to  right  or  left,  in  which  case  it  would  be 
considerably  inclined  and  partially  immersed.  Sometimes  it  would 
incline  backward  or  forward.  In  each  of  these  cases  the  surface  float 
had  a  powerful  influence  in  retarding  or  accelerating  the  sub-float; 
the  velocity  of  the  former  not  representing  the  correct  velocity  of  the 
water  in  the  vicinity  of  the  latter.  The  above  indications  were  fre- 
quently noticeable  in  high  water.  Sometimes  also  in  high  water  the 
sub-float  was  apparently  held  up,  the  assumed  immersion  not  being 
reached.  This  was  shown  by  the  fact  that  several  feet  of  wire  were 
sometimes  taken  in  before  there  was  any  appreciable  weight  of  the  sub- 
float.  By  an  examination  of  the  vertical  velocity  observations  at  Ful- 
ton, it  will  be  found  that  in  the  sets  in  which  two  or  more  floats  were 
run  at  the  same  depth  the  velocities  differ  from  1  to  15  per  cent." 

Current  Meters. — With  current  meters,  very  much  depends  on  the 
kind  of  instrument  employed,  its  suitability  to  the  particular  class  of 
work  it  is  called  upon  to  do,  its  mechanical  excellence,  the  care  exer- 
cised in  keeping  it  properly  adjusted,  its  manipulation,  its  rating  and 
the  accuracy  with  which  its  indications  are  recorded  and  the  results 

*  "  Report  of  the  Mississippi  River  Commission  for  1883,"  p.  2616. 
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computed.  It  is  a  delicate  instrument,  with  several  bearings  ;ni<l  an 
electrical  oonneotion,  an  1  its  ratings  are  Found  fco  vary  considerably 
with  even  slight  changes  in  repair  or  maintenance. 

The  first  forms  of  current  meter  which  were  devised  were  of  the 
windmill,  screw  or  propeller  pattern;  that  is,  the  vanes  which  were 
moved  by  the  current  revolved  in  a  plane  perpendicular  to  the  direction 
of  the  Latter.  Such  was  the  design  of  the  original  Woltmann  meter,  of 
the  Bevy  meter  which  was  used  on  the  Parana,  Uruguay  and  La  Plata 
Rivers  in  1871,  of  the  Harlacher  meter  and  of  several  others.  The 
instruments  used  in  the  Mississippi  work  are  constructed  on  a  differ- 
ent principle.  They  are  of  the  "  anemometer  "  type,  as  it  is  some- 
times called;  that  is,  the  vanes  are  replaced  by  cups  on  the  ends  of 
arms  which  revolve  in  a  plane  parallel  to  the  thread  of  the  current. 
The  motive  force  here  is  the  difference  between  the  pressure  exerted  by 
moving  water  on  a  concave  and  on  a  convex  surface.  The  meters  used 
in  the  early  experimental  work  on  the  Mississippi  were  of  the  type 
devised  by  General  Ellis  for  use  on  the  Connecticut  River  in  1877,  and 
were  of  the  anemometer  pattern.  The  changes  which  the  experience 
of  1882  and  of  subsequent  years  showed  to  be  desirable  in  the  Ellis 
meter  have  resulted  in  the  evolution  of  the  Price  meter,  which  is  now 
in  general  use.  Of  late,  there  has  been  a  disposition  to  revise  the 
decision  made  in  favor  of  the  anemometer  type  of  meter,  and  to  return 
to  the  screw  plan,  as  in  the  new  Ritchie  and  Haskell  meter;  so  the 
question  cannot  be  considered  settled. 

There  are  at  least  two  sources  of  error  in  the  use  of  any  kind  of 
meter.  First,  the  instruments  or  the  observers  may  not  tell  the  truth. 
Second,  they  may  record  and  transmit  with  perfect  accuracy  what  has 
happened;  yet  this  recital  of  facts  may  not  be  at  all  what  is  sought, 
although  apparently  so.  The  meter  may  deliver  with  absolute  truth- 
fulness its  tale  of  so  many  revolutions  in  so  many  minutes,  yet  in 
attempting  to  translate  these  into  feet  per  second  grievous  blunders 
may  be  made,  more  especially  when  it  is  assumed  that  this  travel  of  a 
thread  of  water  was  in  a  direction  parallel  to  the  banks  of  the  river 
and  to  the  surface  of  the  stream;  and  still  more  particularly  when  it 
is  accepted  as  a  fact  that  this  solitary  observation  represents  the  mean 
velocity  of  a  large  portion  of  a  swift  and  turbulent  river;  the  interval 
between  the  observation  stations  being  never  less  than  150  ft.  and  fre- 
quently as  much  as  300  ft. ,  and  the  depth  often  from  50  to  100  ft. 
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A  great  part  of  the  knowledge  of  the  flow  of  the  river  rests  upon 
the  testimony  of  these  mute  and  unintelligent  witnesses.  It  is  be- 
lieved that  they  tell  their  story  with  nearly  perfect  fidelity,  as  far  as 
they  go.  There  is  a  great  deal  that  they  do  not  tell.  It  is  the  engi- 
neer's part  to  interpret  their  deliverances  correctly,  to  divine  or  to  as- 
certain from  other  sources  the  information  which  the  meters  fail  to 
give,  and  generally  to  supply  their  deficiencies. 

The  first  point  to  be  considered  is  the  mechanical  perfection  of  the 
instrument.  Old  and  worn  meters  will  not  give  correct  indications; 
they  will  register  the  number  of  revolutions  probably,  but  this  number 
will  not  correspond  to  a  definite  velocity  in  feet. 

Secondly,  the  meter  must  be  maintained  in  perfect  order,  the  bear- 
ings and  connections  kept  in  a  uniform  state  as  far  as  possible,  and, 
every  time  a  change  of  any  kind  is  made,  the  instrument  should  be  re- 
rated.  It  is  the  experience  of  the  observers  that  when  a  meter  is  taken 
apart  and  cleaned,  its  rate  changes;  that  when  a  new  electrical  con- 
nection is  put  in,  a  bearing  oiled,  or,  in  short,  the  slightest  altera- 
tion made,  the  effect  is  immediately  perceptible  and  is  often  con- 
siderable. 

Rating  of  Meters. — Assuming  the  instrument  to  be  in  perfect  condi- 
tion, it  is  essential  that  it  should  be  correctly  rated.  It  is  thought  by 
many  observers  that  here  lies  the  nodus  of  the  difficulty.  The  opera- 
tion is  simple  enough  in  principle.  It  consists  merely  in  dragging  the 
meter  through  still  water  at  a  rate  determined  by  observation.  The 
method  now  approved  is  to  lower  the  instrument  from  a  skirl  to  a  dis- 
tance of  5  ft.  or  more  in  a  pool  of  considerable  depth,  and  then  have 
the  skiff  towed  by  a  rope  between  fixed  range  lines,  taking  the  time  by 
a  stop  watch.  Mr.  Charles  H.  Miller,  an  observer  of  ability  and  ex- 
perience, declares  *  that  the  skiff  should  never  be  pulled  with  oars,  and 
that  the  observers  should  be  cautioned  about  keeping  the  same  posi- 
tions and  not  swinging  their  bodies  about  during  the  observation. 
"Ina  rating  taken  from  a  steamer  drawing  2.5  to  3  ft.  of  water,  with 
the  meter  in  10  ft.  of  water,  a  large  error  was  found  over  other  ratings 
of  the  same  meter,  and  it  was  then  rated  at  20  ft.  under  the  surface." 
Mr.  Miller  thinks  a  slight  current  or  even  an  oscillation  not  objection- 
able if  reasonably  constant,  care  being  taken  to  get  the  observations 
in  j3airs,  and  to  have  the  times  of  transit  the  same  both  ways. 

*  See  Engineering  News,  January  24th,  1895. 
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Ratings  in  shallow  water  are  not  t<>  l>c  relied  on,  dot  where  the 
meter  is  brought  too  near  to  the  skill'  or  steamboat. 

These  matters  were  qoI  understood  a1  first,  and  it  is  only  by  patient 
observation  and  practice  that  the  importance  of  extreme  care  in  rating 
lias  become  known.     It  is  thought  by  some  skilled   engineers  that 
many  of  the  discrepancies  hitherto  unaccounted  for  are  due  to  care! 
or  unskilful  rating. 

A  meter  wheel  revolves  under  the  impulse  of  moving  water,  and 
against  the  resistance  of  friction.  The  object  of  rating  is  to  ascertain 
the  ratio  between  a  revolution  of  the  wheel  and  the  velocity  of  the  cur- 
rent. If  the  wheel  makes  one  revolution  in  a  second,  while  the  water 
moves  2  ft.,  then  the  ratio  is  2  to  1.  If  there  were  no  friction  this  ratio 
would  be  constant,  and  three  revolutions  would  correspond  to  a  veloc- 
ity of  6  ft.  The  same  result  would  follow  if  the  resistance  of  friction 
were  proportional  to  the  velocity,  and  the  equation  for  rating  the 
meter  would  be  y  =a  :c;  where  y  is  the  velocity  sought,  x  the  number 
of  revolutions  in  a  second,  and  a  a  constant  expressing  the  relation  be- 
tween them.  The  friction  of  solids,  however,  is  supposed  to  be  nearly 
independent  of  the  velocity.  The  resistance  of  the  bearings  will  there- 
fore be  nearly  the  same  at  low  velocities  as  at  high,  and  there  will  be 
a  greater  proportionate  resistance  in  the  former  case.  Therefore,  there 
will  be  fewer  revolutions  of  the  wheel  in  proportion  to  the  velocity. 
One  revolution  of  the  wheel  will  no  longer  represent  2  ft.  of  velocity, 
but,  perhaps,  3  ft.  Therefore,  an  expression  is  desired  which  shall 
show  this  varying  relation.  General  Ellis  *  gave  as  this  equation  the 
formula  y  =  a  x  -f-  b,  in  which  b  is  the  term  expressive  of  the  con- 
stant resistance  of  friction.  The  same  equation  was  adopted  by  Mr. 
Price  and  was  used  in  the  reductions  of  1882  and  of  several  subsequent 
years;  in  fact,  until  very  recently. 

There  are  several  elements,  however,  which  enter  implicitly  into 
this  expression  and  influence  the  values  of  a  and  b  and  prevent  them 
from  being  constants.  The  quantity  a,  so  far  as  it  depends  upon  the 
theoretical  rate  of  travel  of  the  perimeter  of  the  wheel,  cannot  be  re- 
garded as  constant,  for  there  is  the  "  slip  "  to  be  considered,  the  law 
of  which  is  unknown,  and  the  unequal  action  of  the  filaments  upon  the 
arms  of  the  wheel  at  different  angles,  accelerating  in  one  direction  and 
retarding  in  another.     The  term  b,  so  far  as  it  depends  upon  the  fric- 

*  See  "  Report  of  the  Chief  of  Engineers  for  1878,"  Vol.  II.,  p.  308. 
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tion  of  the  bearings,  cannot  be  constant,  for  it  will  be  influenced  by  the 
perfection  of  the  machinery,  the  proper  lubrication  of  the  same,  etc., 
all  of  which  have  been  shown  to  be  subject  to  serious  irregularities. 

The  friction  of  the  bearings  and  working  parts  is  not  the  only  re- 
sistance to  be  considered,  for  the  action  of  the  water  against  the  con- 
vex surface  of  the  cups  or  vanes,  which  are  moving  contrary  to  the 
current,  is  also  important.  The  motion  of  the  meter,  indeed,  depends 
upon  the  difference  between  the  forces  exerted  by  moving  water  upon 
cup-shaped  and  wedge-shaped  surfaces.  These  forces  are  governed 
by  laws  altogether  different  from  those  of  solid  friction,  for  they 
depend    on  the    square  of   the  velocity.     How   important   a   part  is 


Fig.  4. 


played  by  the  total  resistance  is  apparent  from  the  fact  that  the  meter 
will  not  register  very  low  velocities  at  all. 

These  reasons  seem  to  be  sufficient  to  explain  the  fact  that  the  rela- 
tion between  the  revolutions  of  the  meter  and  the  velocity  is  not  at  all 
a  simple  one,  and  that  the  formula  expressing  that  relation  is  not  the 
equation  of  a  straight  line.  It  approximates  to  it,  upon  a  casual 
inspection,  so  that  the  line,  when  plotted  from  actual  experiment,  upon 
a  large  scale,  is  not  easily  distinguishable  from  a  straight  line  by  the 
eye.  It  is  not  surprising,  then,  that  the  earlier  observations  were 
reduced  upon  that  supposition.  The  constants  were  ascertained  by 
combining  a  number  of  equations  of  condition,  derived  from  observa- 
tion, on  the  principle  of  least  squares. 

The  error  introduced  by  this  assumption  is  very  material.  In  a 
given  instance,  taken  from    actual    practice,*   if  a  tangent,  0  A,  be 

*  At  Arkansas  City.  May  18th-23d,  1893.  The  observations  were  taken  with  all  possible- 
care,  with  a  new  and  well  tested  meter,  by  Mr.  Thomas  C.  J.  Baily,  Jr.,  U.  S.  Surveyor, 
and  with  every  precaution  suggested  by  previous  difficulties. 
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draws  to  the  Lower  pari  of  the  ourve  0  B,  it  will  diverge  from  the 
ourve  (see  Pig.  4)  al  6  ft.  by  0.5  ft.,  at  7  ft.  by  oearly  0.7  ft,  at  8  ft.  by 
more  than  0.9  ft.  If  a  chord,  0  J3,  be  drawn  from  0  to  9  ft.  it  will  de- 
part in  the  middle  of  the  ourve  by  about  0.4  ft.     If  a  straight  line  be 

drawn  so  as  to  coincide,  as  aearly  as  may  be,  with  t  he  curve,  it  will 
depart  from  the  curve  at  several  points  from  0.1  to  0.2  ft.,  sometimes 
in  excess,  sometimes  in  deficiency.  The  low  velocities  will  be  too 
high,  the  medium  velocities  too  low,  the  high  velocities  too  high,  and 
the  percentage  of  error  will  be  very  different  for  the  several  cases.  In 
the  low  velocities  it  may  be  10  or  20%  ;  in  the  high,  only  1  or  2  per 
cent.  It  is  obvious  that  by  such  a  method,  while  the  actual  error  at 
each  point  might  not  be  very  great,  yet  it  might  be  sufficient  to  obscure 
all  traces  of  the  law  governing  the  progression  of  the  discharge,  intri- 
cate as  this  is,  and  influenced  by  numerous  delicate  perturbations. 
When  the  circumstances  of  the  observations,  the  accuracy  of  the 
instrument,  its  condition,  the  skill,  experience,  accuracy,  judgment 
and  good  faith  of  the  observers  are  unknown,  it  is  not  easy  to  assign 
the  limits  of  probable  error  in  rating  meters. 

Present  Practice  in  Rating  Meters. — It  is  the  rule  at  present  to  rate 
meters  frequently,  and  to  apply  the  ratings  directly  to  the  observations 
taken  during  the  adjacent  period.  This  has  only  lately  been  the  prac- 
tice. In  the  older  observations,  notably  in  1884r-85,  meters  were  rated 
only  occasionally,  perhaps  once  in  a  season,  and  apparently  with  little 
care  or  method.  In  1882,  so  far  as  the  record  shows,  the  meters  were 
rated  frequently,  and  there  is  no  reason  to  suppose  that  the  methods 
employed  were  less  accurate  than  those  of  1884-85.  Indeed,  in  some 
respects,  they  were  perhaps  better.  The  meters,  however,  were  mostly 
too  light  and  delicate  for  the  work,  the  methods  were  novel,  and  most 
of  the  observers  without  experience. 

Nowadays,  from  the  rating  observations  a  line  is  plotted,  the  revo- 
lutions being  the  ordinates,  and  the  velocities  the  abscissas.  Fig.  4, 
just  referred  to,  is  an  example  of  this  work.  From  the  line  thus  ob- 
tained, the  number  of  revolutions  being  given,  the  velocity  may  be 
taken  by  inspection.  In  short,  every  precaution  is  taken  that  the 
instruments  and  the  men  shall  tell  the  truth.  Whatever  errors  occur 
are  mostly  due  to  difficulties  or  faults  in  the  method.  The  difficulties 
are  mostly  of  two  classes — difficulties  of  manipulation,  or  execution, 
and  difficulties  of  situation.  Supposing  these  to  be  overcome,  there 
.are  still  faults  in  the  method. 
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Difficulties  of  Manipulation. — In  a  stream  like  the  Mississippi,  and 
especially  at  high  water,  it  is  almost  or  quite  impracticable  to  take 
discharges  from  an  anchored  boat,  and,  indeed,  it  is  doubtful  whether 
an  anchored  boat  could  be  kept  much  more  quiet  than  a  boat  under 
steam  ;  therefore  the  boat  is  always  kept  under  way.  The  object  is  to 
hold  it  on  the  range  line,  and  as  nearly  as  possible  at  the  velocity  sta- 
tion, while  the  observation  is  in  progress.  With  all  possible  skill  in 
management,  there  will  be  a  little  drift,  direct  and  lateral.  Care  is 
always  taken,  however,  to  see  that  the  boat  is  on  the  range  line  at  the 
beginning  and  the  end  of  the  observation,  so  that  the  excursions  up 
and  down  stream  may  compensate  one  another.  Lack  of  this  precau- 
tion has  often  caused  serious  errors.  It  is  the  belief  of  good  observ- 
ers that  lateral  drift  may  be  kept  within  narrow  bounds,  and  that  the 
error  should  be  inconsiderable. 

It  is  not  always  practicable  in  swift  currents  and  at  great  depths  to 
hold  the  meter  in  a  horizontal  position.  If  it  is  tilted  at  an  angle,  the 
bearings  come  at  places  where  it  wras  not  designed  that  they  should, 
and  in  old  instruments  especially  the  rate  is  greatly  influenced  thereby. 

Winds  and  waves  do  not  influence  the  mean  velocity,  but  they  shift 
the  axis  of  the  curve  of  vertical  velocities,  and  instead  of  being  at 
nearly  0.6  of  the  depth,  as  usual,  the  place  of  mean  velocity  in  the 
vertical  may  be  at  0.1  or  at  0.8.  Again,  the  waves  produce  a  rocking  or 
an  up-and-down  motion  of  the  boat  that  is  communicated  to  the  meter, 
and  the  latter  registers  these  movements  as  well  as  the  velocity  of  the 
water.  Large  perturbations  of  the  discharge  have  been  produced  in 
this  way. 

Difficulties  of  Situation. — With  all  the  precautions  that  experience 
has  suggested,  there  are  sometimes  discrepancies  or  anomalies  in  dis- 
charge observations  so  great  that  they  cannot  be  accounted  for  in  any 
of  the  ways  heretofore  indicated.  Instructive  examples  of  this  are  to 
be  found  in  the  observations  taken  in  1891  and  1892  at  Arkansas  City 
and  at  Wilson's  Point.  Up  to  this  time  it  had  been  impossible  to 
check  the  observations  at  one  point  by  those  taken  at  another,  owing 
to  the  intervention  of  tributaries,  which  introduced  a  disturbing- 
element  difficult  to  calculate.  Thus  Helena  could  not  be  checked  by 
Arkansas  City  in  1884-85,  because  the  White  and  Arkansas  Rivers 
poured  out  between  the  two  stations  a  variable  and  unmeasured  volume, 
which  sometimes  amounted  to  300  000  cu.  ft.  per  second.      In  1891, 
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however,  0.   Me]).  Townsend,  M.  Am.  Soo.  0.  E.,  being  dissatisfied 
like  everybody  else  with  the  existing  state  <>f  the  knowledge  of  >\\^ 
charges,  bad  simultaneous  gaugings  taken  at  the  two  places  above 
Qamed,  93  miles  apart,  ami  without  any  tributary  or  other  disturbing 

lit  ion  between.  The  results  showed  the  discharge  at  Arkaj 
City  to  be  150  000  to  200  000  ft.  more  than  at  Wilson's  Point.  Had 
the  difference  been  only  for  a  day  or  two  it  might  have  been  explained, 
well  or  ill;  but  it  was  continuous  and  persistent.  At  Arkansas  City, 
from  March  28th  to  April  4th,  the  records  were  1  390  586,  1  419  422, 
1  423  730,  1  408  553,  1  419  321,  1  405  G41.  At  Wilson's  Point  they  were 
1  272  440,  1  288  000,  1  219  436,  1  200  578,  1  247  445,  1  275  904,  1  234  182. 
Averages,  1  411  209  and  1  248  283.  There  was  no  crevasse  or  other  dis- 
turbing influence  between  them.  The  same  discrepancy  kept  up  till 
April  23d,  after  which  date  the  difference  slowly  diminished.  This 
unexpected  result  put  the  engineers  to  their  wits'  end.  The  meters 
were  compared  and  exchanged.  They  had  been  several  years  in 
service,  and  their  bearings  wrere  somewrhat  worn.  They  were  rated 
frequently,  and  the  rates  of  the  same  meter  at  different  times  were 
found  to  be  very  discrepant. 

Captain  Townsend  considered  the  meters  to  be  unreliable,  and 
ordered  two  new  ones.  The  next  spring,  1892,  a  still  greater  flood  de- 
veloped, and  high- water  discharges  were  taken  at  the  same  two  places 
with  the  new  instruments.  The  results  were  more  discrepant  than 
before.  The  discharges  at  Arkansas  City  from  April  26th  to  May  9th 
averaged  1  598  682;  at  Wilson's  Point,  1  364  277.  The  instruments  were 
compared,  side  by  side,  and  meters  and  observers  were  changed,  with- 
out affecting  the  result.  There  were  no  disturbing  influences  be- 
tween the  two  places  except  the  overflow  of  the  foreshores  outside  of 
the  levees,  which  increased  only  1.7  ft.   during  the  interval  of  13  days. 

Several  natural  explanations  offered  themselves,  but  none  were  ad- 
equate to  explain  so  great  a  discrepancy.  The  reservoir  space  of  the 
whole  area  included  between  levees  from  Arkansas  City  to  Wilson's 
Point  is  only  about  228  miles.  An  excess  of  discharge  at  the  upper 
station  of  200  000  cu.  ft.  per  second  would  fill  the  whole  reservoir  2.7 
ft.  deep  in  one  day.  The  actual  increase  of  depth  was  only  0.1  or  0.2 
ft.  The  loss  of  such  a  volume  by  evaporation  or  percolation  was  out 
of  the  question.  Besides,  there  wras  no  general  loss  of  volume  of  dis- 
charge coming  dowrn  stream,  as  showni  at  other  stations. 
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Obliquity  of  Current. — A  plausible  solution  of  the  difficulty  was  sug- 
gested, it  is  believed,  by  General  Conistock,  and  Captain  Townsend  is 
disposed  to  accept  it.  This  attributes  the  excessive  registration  at 
Arkansas  City  to  obliquity  of  current.  It  is  known  that  in  bends  there 
is  a  lateral  circulation  of  currents  from  bank  to  bank,*  the  upper  cur- 
rent being  centrifugal,  the  lower  centripetal.  So  in  "  crossings,"  at  the 
reversion  points  of  bends,  the  current  leaves  the  one  bank  to  occupy  the 
other.  The  level  of  the  water  on  the  left  bank  is  sometimes  as  much 
as  1  ft.  above  the  level  of  the  water  at  a  i)oint  directly  opposite  on  the 
right,  or  the  reverse.  This  difference  of  head  produces  a  strong  lateral 
movement,  which,  acting  in  conjunction  with  the  regular  down-stream 
flow,  has  a  resultant  acting  at  a  considerable  angle  with  the  axis  of  the 
stream.  Captain  Townsend  had  float  observations  made  in  1891  for 
determining  the  direction  of  the  current.  At  xArkansas  City  the  average 
deflection  was  about  10°  30',  indicating  a  discharge,  as  observed  with 
meters,  about  l.b%  too  'great.  At  Wilson's  Point,  also,  subsurface 
floats  were  run  for  the  same  purpose.     The  result  showed  a  deviation 


Fig.  5. 

even  greater  than  at  Arkansas  City,  namely,  about  12°,  indicating  an 
excess  in  measurement  of  about  2  per  cent. 

Vertical  Currents. — It  is  likely  that  vertical  currents  also  exert  a 
powerful  effect.  What  is  demanded  of  the  meter  is  that  it  shall  give 
the  velocity  of  a  filament  in  each  vertical  which  runs  parallel  to  the 
general  direction  of  the  bank  and  to  the  bottom,  or,  rather,  surface. 
What  the  meter  gives  is  the  velocity  of  the  filament  in  the  direction 
in  which  the  latter  is  moving  at  the  time,  be  that  direction  direct, 
oblique,  horizontal,  inclined  or  vertical.  If  Fig.  5  be  taken  to  rep- 
resent a  river  in  plan,  CD  and  E F  being  the  banks,  then  what  is 
sought  is  the  velocity  in  the  direction  G  A.  What  the  meter  gives  is 
perhaps  the  velocity  in  the  direction  K H.  If  the  sketch,  however,  be 
taken  to  represent  the  profile  of  the  liver,  of  which  CD  is  the  water 
surface  and  JE  F  the  bottom,  then  the  velocity  is  sought  in  the  direc- 
tion G  A  in  a  horizontal  plane.     It  is  obtained  perhaps  in  the  inclined 

*  See  "  Encyclopaedia  Britaunica,"  vol.  xii,  pp.  498-9,  article,  "  Hydromechanics." 
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direction  A'//.  If  the  Inclination  was  known  in  each  case,  the  projec- 
tion of  K H  on  GA,  which  would  be  the  quantity  sought,  could  be  ob- 
tained easily.  Generally  the  inclination  is  unknown.  In  time  of  flood, 
when  discharge  observations  are  most  important  and  are  generally 
taken,  a  depth  of  O.C  implies  a  submersion  of  40  ft.  or  more,  where 
the  movements  of  the  meter  cannot  be  observed,  and  can  be  only 
partially  controlled. 

The  general  direction  of  the  current  at  the  surface  or  at  any  desired 
depth  may  be  ascertained  with  more  or  less  accuracy  by  the  use  of 
floats.  This  is  a  step  in  the  right  direction.  But  what  is  wanted  is 
the  particular  position  of  the  meter,  both  in  horizontal  and  vertical 
planes,  during  the  time  of  observation  at  each  station.  A  considerable 
uncertainty  must  always  be  felt  as  to  the  indications  of  ordinary 
meters,  especially  at  the  period  of  high  water,  even  though  the  gen- 
eral obliquity  of  the  current  be  known,  from  the  great  irregularity 
and  turbulency  of  the  current  at  such  times.  Should  the  meter,  at 
the  time  of  registration,  encounter  an  eddy,  in  a  horizontal  plane,  or 
a  "boil"  in  a  vertical  plane,  as  at  L  in  Fig.  5,  the  indicated  veloc- 
ity and  direction  may  be  valueless,  unless  both  velocity  and  direction 
be  taken  at  the  same  moment  of  time.  Several  ingenious  devices  have 
been  proposed  for  this  purpose,  and  others  are  under  projection.  The 
"  direction  current  meter"  of  Messrs.  Ritchie  and  Haskell*  is  an  in- 
strument by  which  the  lateral  deviation  of  the  meter  is  ascertained  by 
means  of  a  submerged  compass,  the  travel  of  the  needle  of  which  is 
recorded  on  a  dial  above  water  by  an  electrical  connection.  It  is  not 
known  what  measure  of  success  has  been  attained. 

Other  Disturbing  Influences. — There  are  a  number  of  disturbing  in- 
fluences, wrhich,  like  the  above,  may  be  classified  under  the  head  of 
"  difficulties  of  situation,"  which  affect  the  velocity  at  any  station 
from  time  to  time,  and  render  any  registration  which  occupies  only 
a  few  moments  liable  to  error  of  greater  or  less  amount.  Some  of 
them  have  been  referred  to.  All  are  imperfectly  known,  when  known 
at  all,  and  doubtless  there  are  others  which  are  yet  unsuspected. 
A  competent  and  experienced  observer,!  stationed  at  Arkansas  City  in 
1893,  remarks: 

*  Described  in  Engineering  News,  January  10th,  1895. 

t  Mr.  T.  C.  J.  Baily,  Jr.,  in  "Report  of  the  Mississippi  River  Commission  for  1894," 
p.  2815. 
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"  When  the  river  is  in  a  normal  condition,  the  discharge  varies  but 
slightly  within  a  short  time;  but  when  near  its  limits,  immense  fluctua- 
tions occur  within  small  intervals.  This  will  be  better  appreciated  by 
an  inspection  of  the  velocity  curves.  These  show  that  when  the  river 
is  very  high,  the  immense  flats  above  will  flow  out  and  till  in  within  a 
very  few  minutes  of  each  other,  affecting  the  flow  by  at  least  100  000 
cu.  ft.  per  second." 

The  same  engineer,  when  stationed  at  Wilson's  Point,  in  1892,  re- 
ports :* 

"Two  thousand  feet  above  the  range  on  the  Mississippi  side,  the 
Duncansby  Chute  rjours  an  immense  volume  of  water  into  the  river  at 
a  high  velocity,  the  axis  of  the  chute  forming  an  angle  of  39°  with  that 
of  the  river  at  the  point  of  entrance.  It  is  believed  that  this  water,  by 
eating  out  the  bar  which  has  formerly  existed  at  the  east  end  of  the 
section,  is  one  of  the  causes  of  the  great  variations  which  may  be  ob- 
served from  day  to  day  in  the  discharges.  Stations  2,  3  and  -i  were 
the  ones  affected,  the  current  varying  on  them  so  greatly  from  minute 
to  minute  that  it  was  extremely  difficult  to  judge  when  a  true  average 
velocity  had  been  obtained.  For  this  reason,  these  stations  were 
occupied  from  8  to  20  minutes.  *  *  *  From  June  6th  until  the  end, 
the  current  on  Station  1  was  running  up  stream  as  determined  by 
double  floats,  and  the  entire  partial  discharge  of  this  section  thereafter 
was  subtracted  from  the  sum  of  the  remaining  partial  discharges.  The 
position  of  the  seam  between  the  up  and  down  stream  currents  was  not 
at  all  constant,  it  shifting  from  a  point  50  ft.  outside  of  Station  1  to 
Station  2  within  a  minute." 

Discharges  taken  at  Chicot  City,  a  few  miles  above  Arkansas  City, 
in  1892,  showed  differences  of  100  000  ft.  from  those  taken  at  the  latter 
point,  and  this  sometimes  in  excess,  sometimes  in  deficiency. 

It  is  thus  seen  that,  to  obtain  correct  discharges,  or  discharges  ap- 
proximating correctness,  especially  at  high  water,  much  depends  on 
the  skill,  experience,  conscientiousness  and  judgment  of  the  observer. 
Even  with  the  utmost  skill  and  care,  a  discharge  observation  made  in 
the  ordinary  way  is  simply  the  determination  of  the  velocities  prevail- 
ing at  the  moment  at  10  or  15  or  at  most  20  isolated  points  distributed 
throughout  a  cross-section  of  200  000  sq.  ft.  or  more,  together  with  the 
sounding  of  the  section  at  intervals  of  50  ft.  or  so.  That  results  ob- 
tained in  this  way  should  not  accurately  represent  the  true  discharge 
of  the  river  is  not  surprising.  If  they  did  represent  the  true  discharge 
for  the  time  being,  it  might  be  very  far  from  the  mean  discharge  for 
the  whole  day. 

*  "  Report  of  the  Mississippi  River  Commission  for  1893,"  p.  3669. 
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The  "  Flanking  Method." — To  eliminate,  as  far  as  possible,  tbo  effect 
of  lateral  obliquity  of  current,  and  to  obtain  ;i  more  nearly  true  mean 
of  the  velocity  of  the  numerous  fillets  of  water  from  the  one  side  of 

the  river  to  the  other,  Captain  Townsend  has  tried  a  method  which 
he  calls  the  "  flanking  method,"  which  consists  in  starting  from  one 
side  of  the  livei-  with  the  meter  submerged  to  a  certain  depth,  usually 
20ft.,  and  slowly  "flanking,"  or  moving  across,  keeping  the  steam- 
boat's head  up  stream,  and  keeping  on  the  discharge  range,  havingthe 
record  running  continuously,  but  noting  the  registrations  and  the  time 
as  each  intersecting  range  is  passed.  This  operation  is  repeated  at 
once  in  the  reverse  direction,  the  two  trips  constituting  one  complete 
observation.*  Of  course  the  results  are  corrected  for  the  sidewise 
motion  of  the  boat. 

This  method  was  tried,  in  conjunction  with  the  ordinary  plan,  in 
1893,  at  both  Arkansas  City  and  Wilson's  Point,  and  was  found  to 
afford  a  valuable  check.  The  results  of  the  two  trips  from  bank  to 
bank  usually  show  the  existence  of  a  lateral  current,  though  not  a 
very  strong  one,  at  the  depth  of  immersion  of  the  meter,  the  difference 
of  velocities  going  and  coming  seldom  exceeding  0. 2  ft.  and  generally 
being  less  than  one-tenth.  They  are  more  uniform  than  the  results 
obtained  by  the  old  plan,  and  have  occasionally  corrected  the  exces- 
sive figures  of  the  latter.  One  day,  for  instance,  at  Arkansas  City, 
the  discharge  found  by  the  old  or  stationary  method  was  1  667  306;  by 
the  flanking  method,  1  566  054.  On  the  whole,  the  two  tally  more 
closely  than  might  have  been  expected. 

In  1893,  the  discharges  at  Arkansas  City  and  Wilson's  Point  agree 
fairly  well;  and  when  checked  by  the  results  of  the  flanking  observa- 
tions, they  present  a  very  coherent  mass  of  data,  affording  the  most 
trustworthy  measurement  of  the  extreme  high-water  discharge  ever 
obtained  on  the  Mississippi.  They  show,  among  other  things,  that 
there  is  no  considerable  loss  of  volume  between  the  two  stations  by 
evaporation  or  leakage,  and  that  between  two  stations  so  closely 
adjoining,  with  a  nearly  stationary  river,  there  is  but  little  weight  to 
be  given  to  the  reservoir  effect  of  the  channel  and  the  overflowed  bank. 

Possible  Error  in  Deficiency. — The  discharges  of  1891  point  to  the 
possibility  of   an  error  in  deficiency.     From  the  probabilities  of  the 

*  Report  of  Mr.  Charles  H.  Miller  on  observations  at  Wilson's  Point,  in  "  Report  of  the 
Mississippi  River  Commission  for  1891,"  p.  2816. 
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case  it  would  seem  that  the  Arkansas  City  discharges  were  nearer  to 
the  truth  than  those  observed  at  Wilson's  Point.  That  a  meter  should 
register  too  high  a  velocity,  from  cross-currents,  etc.,  is  credible 
enough  ;  but  how  can  it  register  too  low  a  velocity  ?  Only  from 
incorrect  rating,  one  would  suppose;  yet  the  ratings  of  this  particular 
instrument  are  remarkably  accordant ;  indeed  it  was  a  newer  and 
better  meter  than  the  one  used  at  Arkansas  City.  If  "the  recorded 
discharge  at  Wilson's  Point  is  indeed  too  small,  it  is  due  to  some 
cause  yet  unknown.  Perhaps  an  eddy  section  was  subtracted  in  the 
belief  that  the  eddy  was  general  when  it  was  only  superficial.  Perhaps 
the  reading  of  the  meter  at  a  submersion  of  0. 6  differed  from  the  mean 
velocity  in  the  vertical  by  a  greater  proportion  than  usual.  Whatever 
the  cause,  it  was  general,  for  the  error,  if  it  be  an  error,  is  persistent. 

Faults  of  Method. — Whatever  method  of  determining  velocities  be 
used,  its  correctness  depends  upon  an  assumed  relation  between  the 
velocities  at  different  depths  in  vertical  planes  and  the  mean  velocity 
in  the  same  planes.  By  the  method  of  double  floats,  and  also  by  the 
ordinary  or  stationary  method  of  meter  observations,  the  velocity  is 
taken  at  a  depth  which  is  a  certain  fraction  of  the  total  depth,  usually 
0.5  or  0.6.  By  rod  floats,  in  great  depths,  the  velocity  of  the  mean  of  a 
certain  number  of  filaments  to  a  depth  of  35  or  40  ft.  is  taken,  and 
reduced  by  a  formula  depending  on  the  curve  of  vertical  velocities. 
In  the  flanking  method  the  meter  is  kept  at  a  constant  depth  below 
the  surface,  which  depth  bears,  of  course,  a  perpetually  varying  ratio 
to  the  total  depth;  so  different  factors  are  used  at  the  different  pro- 
portional depths  to  reduce  to  the  mean  of  the  vertical. 

It  was  announced  by  Humphreys  and  Abbot,  as  one  of  their 
discoveries,*  "that  the  ratio  of  the  mid-depth  velocity  to  the  mean 
velocity  in  any  vertical  plane  is  practically  independent  of  the  depth 
and  the  width  of  the  stream,  of  the  mean  velocity  of  the  river,  of  the 
mean  velocity  of  the  vertical  curve,  and  of  the  locus  of  its  maximum 
velocity.  In  other  words,  it  is  a  sensibly  constant  quantity  for  prac- 
tical purposes."  Their  conclusion,  supported  by  the  figures  which 
they  bring  to  bear,  is  that  at  depths  varying  from  86  to  27  ft.  the  ratio 
has  an  extreme  range  only  from  0.9868  to  0.9798. 

In  1882,  the  parties  who  took  the  discharge  observations  made  a 
large  number  of  velocity  measurements  in  vertical  planes,  which  are 

*  "  Report  upon  the  Physics  and  Hydraulics  of  the  Mississippi  River,"  p.  311. 
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published  in  the  "Report  of  the  Mississippi  Kiver  Commission  for 
L884,"  pages  2691-2728,  tabulated  for  each  tenth  of  depth  from  Bur- 
face  to  bottom.  The  observations  are  more  accordant  than  might 
have  been  expected  from  the  difficulties  of  such  work,  with  new  men 
and  insufficient  appliances  and  at  great  depths.  A  few  of  the  figures 
presented  seemed  to  be  anomalous,  from  misprints,  errors  or  simply 
from  unusual  conditions. 
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Fig.  6. 
Plotting  the  Curves  of  Vertical  Velocities. — In  using  these  observations, 
the  curves  may  be  plotted  which  are  developed  by  the  velocities  at 
different  depths  at  the  several  stations,  namely,  Paducah,  Columbus, 
Helena,  Hays's  Landing,  and  Red  River  Landing.  In  order  to  com- 
pare the  curves  with  one  another,  the  convenient  practice  of  the  engi- 
neers of  the  Mississippi  River  Commission  may  be  adopted,  and  the 
depths  expressed  as  fractions  of  the  whole  depth  and  the  velocities  as 
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fractions,  proper  or  improper,  of  some  standard  velocity.  The  cri- 
terion generally  adorjted  is  the  mid-depth  velocity,  partly  because  it 
is  convenient,  partly  because  it  has  been  supposed  to  bear  a  close  and 
nearly  constant  relation  to  the  mean  velocity. 

When  single  observations  are  plotted,  the  curves  are  very  irregular. 
They  are  not  curves  at  all,  in  fact  but  broken  lines.  A  few  specimens 
are  given  in  Fig.  6. 

It  would  be  a  perplexing  and,  perhaps,  an  unprofitable  task  to 
attempt  to  unravel  these  intricacies.  It  would  be  better  to  take  the 
means  of  different  groups  of  these  data,  and  try  to  eliminate  in  this 
COLUMBUS  STATION  MEANS 
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way  accidental  and  local  disturbances.  The  data  of  1882  contain  the 
"  station  means  ";  that  is,  the  means  of  all  the  observations  taken  in 
each  vertical  plane  throughout  the  season.  At  each  of  the  five  obser- 
vation points  a  range  was  taken,  as  nearly  as  possible  normal  to  the 
course  of  the  river,  and  on  that  range  a  number  of  nearly  equidistant 
stations  were  established,  from  13  to  17  in  number,  from  one  bank  of  the 
river  to  the  other.  No.  1  was  next  the  left  bank.  Observations  were 
taken  at  these  stations,  in  a  more  or  less  intermittent  manner,  from 
December,  1881,  to  November,  1882. 

Plottings  are  shown  in  Figs.  6,  7,  8  and  9  of  the  velocity  curves 
obtained  by  taking  the  means  of  the  observed  velocities  at  each  station 
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during  the  year,  a1  eaoh  of  the  observation  points  enumerated  above, 
and  also  of  the  means  of  al]   the  observations  al  each   place.     These 

results  show  a  striking  similarity  in  one  respect,  namely,  in  the  resem- 
blance between  the  curves  of  the  different  stations  at  the  same  obser- 
vation point  among  themselves.    At  Columbus,  for  instance,  the  typical 
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form  of  curve  displayed  by  the  combination  of  all  the  observations  is  dis- 
tinctly traceable  at  each  of  the  stations.  At  Paducah  there  is  a  little 
more  diversity,  owing  to  the  peculiarity  of  the  situation  just  below  the 
mouth  of  a  great  tributary.     Generally,  the  family  likeness  between  the 
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station  curves  is  very  strong,  and  this  notwithstanding  differences  in 
the  depth  of  the  water.  At  Helena,  for  example,  the  curve  at  Station  2, 
where  the  average  depth  throughout  the  season  was  C5ft.,  is  of  the 
same  type  as  at  Station  13,  with  an  average  depth  of  17  ft.  So  Hays's 
Landing,  Station  12,  with  a  depth  of  G7  ft.,  presents  a  curve  which 
does  not  differ  essentially  from  that  shown  by  Station  24,  with  18  ft.  of 
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depth.  One  important  difference  there  is,  namely,  that  the  minimum 
or  bottom  velocity  often  bears  a  closer  ratio  to  the  maximum  in  small 
depths  than  in  great,  a  point  to  which  attention  may  be  directed  here- 
after. At  Red  River  Landing  the  observations  were  so  few  (usually 
one  or  two  at  each  station)  that  the  means  are  very  irregular,  and  are 
hardly  more  than  individual  observations.     Fig.  9  also  shows  plottings 
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of  Mr.  Price's  curve  al  Oarrollton  in  L888,  and  of  Mr.  Baily'sal  Arkai 
Citv  in  L893. 

Ratio  Between  Mean  and  Mid-Depth  Velocity. — The  results  of  the 
observations  of  L882,  as  far  as  they  go,  do  not  confirm  the  conclusions 
of  Humphreys  and  Abbot  with  regard  to  the  constancy  of  the 
ratio  between  mean  and  mid-depth  velocity,  nor  as  to  the  numerical 
value  of  that  ratio.  There  are  no  mean  velocities  in  the  individual 
vertical  planes  reported.  The  ratio  between  the  mean  of  the  mean 
velocities  in  all  the  verticals  at  each  observation  point  and  the  mean  of 
the  mid-depth  velocities  in  the  same  verticals  varied  from  0.937  to  0.981. 
The  mean  of  all  observations  is  0.958.  At  Paducah,  Mr.  Twining  gives 
the  mean  coefficient  for  the  reduction  of  mid-depth  to  mean  velocity, 
in  vertical  planes,  as  0.965,  varying,  however,  for  the  several  stations, 
from  0.944  to  1.000,  and  for  the  two  sides  of  the  river  from  0.955  to 
0.975.  At  Carrollton,  in  1883,  Mr.  Price  found  the  average  percentage 
of  mean  velocity  to  mid-depth  velocity  to  be  0.9625,  being  a  little  less  for 
a  rising  river  and  a  little  more  for  a  falling  river.  The  range  of  values, 
for  means,  was  from  0.9650  to  0.9571.  Mr.  Powless's  observations  at 
Fulton  in  1879-80  were  taken  with  imperfect  apparatus  (double  floats), 
and  seem  hardly  comparable  to  those  of  later  date.  They  give  a  ratio 
of  nearly  unity,  the  mean  velocity  being  sometimes  the  greater.  The 
factor  used  at  Arkansas  City  for  reducing  mid- depth  to  mean  velocity 
is  0.9470.  At  Wilson's  Point  it  is  0.9550.  At  Ked  Kiver  Landing  the 
ratio  0.9572  is  used. 

The  method  suggested  by  Humphreys  and  Abbot  for  abridging 
the  operation  of  taking  discharges  was  to  take  velocities  at  mid- 
depth  only,  and  to  reduce  the  quantity  thus  obtained  to  mean,  in 
each  vertical,  by  the  use  of  the  coefficients  found  by  them.  As  the 
relation,  as  announced  by  them,  was  so  close,  in  the  early  observations 
under  the  Mississippi  River  Commission,  namely,  jirior  to  1883,  the 
mid-depth  velocity  was  assumed  equal  to  the  mean,  and  the  discharges 
of  1879-80  and  some  of  those  of  1882  are  computed  on  that  assumption. 
In  1882,  however,  the  velocities  seem  to  have  been  obtained,  in  great 
measure,  by  the  integration  method.  The  reduction  and  discussion  of 
the  observations  in  vertical  planes  made  in  1882,  however,  showed  that 
this  assumption  was  far  from  correct.  At  Paducah  the  mean  velocity 
was  found  at  0.63  of  the  total  depth,  at  Columbus  at  0.71,  at  Helena 
at  0.61,  at  Hays's  Landing  at  0.60,  at  Red  River  Landing  at  0.61.     The 
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mean  of  all  was  0.63.  In  Mr.  Price's  Carrolltou  observations  of  1883, 
the  mid-depth  velocity  was  diminished  by  3.5  to  4%,  according  to  cir- 
cumstances. In  1884-85  and  subsequently,  up  to  a  recent  date,  the 
velocities  were  taken  at  0.6  depth,  and  the  results  accepted  as  the  mean 
velocities  for  those  verticals  without  correction.  At  the  present  day  a 
correction  is  sometimes  applied,  though  not  uniformly. 

The  method  of  ascertaining  the  mean  velocities  in  verticals  in  1882, 
whereby  to  compare  them  with  velocities  at  different  depths,  was 
usually  by  integration,  as  practiced  by  Mr.  Kevy  in  1871,*  and,  per- 
haps, by  others ;  that  is,  the  meter  was  lowered  from  the  surface  to  the 
bottom  and  then  raised  from  the  bottom  to  the  surface,  the  total  num- 
ber of  revolutions  being  counted  and  the  time  elapsed  being  noted. 
The  total  number  of  revolutions  divided  by  the  time  gives  the  mean 
velocity  in  revolutions  in  that  vertical  section. 

Velocities  Taken  at  Different  Depths.— There  are  some  objections 
to  taking  velocities  at  so  great  a  distance  from  the  surface  as  0. 6,  par- 
ticularly at  high  water,  when  depths  are  very  great  and  currents  very 
strong  and  turbulent,  the  meter  under  very  imperfect  control,  and  its 
behavior  entirely  exempt  from  scrutiny.  Since  a  coefficient  of  reduc- 
tion has  to  be  applied  anyhow,  the  innovation  has  lately  been  intro- 
duced of  taking  observations  at  various  depths  as  might  be  most 
convenient,  or  at  a  fixed  depth  of  20  or  25  ft. ,  as  in  flanking,  and  re- 
ducing by  a  factor.  This  method  was  used  in  1893  at  Arkansas  City 
and  Wilson's  Point,  and  the  results  seem  to  have  been  more  accordant 
and  more  satisfactory  than  usual.  The  factors  of  reduction  used  are 
given  for  the  information  of  the  profession.  At  Arkansas  City:  At  0.1 
depth,  0.8978;  at  0.2,  0.8966;  at  0.3,  0.9081;  at  0.4,  0.9272;  at  0.5, 
0.9470;  at  0.6,  0.9831;  at  0.7,  1.0411;  at  0.8,  1.0964;  at  0.9,  1.2339.  At 
Wilson's  Point:  At  0.1.,  0.9136;  at  0.2,  0.9154;  at  0.3,  0.9269;  at  0.4, 
0.9349;  at  0.5,  0.9550;  at  0.6,  0.9897;  at  0.7,  1.0295;  at  0.8,  1.0930;  at 
0.9,  1.1959.  It  would  undoubtedly  conduce  to  accuracy  to  use  sepa- 
rate factors  for  great  and  small  depths,  from  the  fact  that  the  curves 
of  vertical  velocities  often  vary  much  with  the  stage  of  the  water. 

Imperfections  of  Method. — The  imperfections  of  the  ordinary  method 

are  principally  these :  It  is  assumed  that  the  0. 6  velocity,  corrected  or 

uncorrected,  represents  the  mean  velocity  in  any  vertical  plane,  and  it 

is  assumed  that  the  velocity  varies  uniformly  from  station  to  station  in 

*  See  his  "  Hydraulics  of  Great  Rivers,"  pp.  17,  18,  etc. 
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a  horizontal  plane.      In  the  grand  mean  it  is  probable  that  these  assump- 
tions are  nearly  correct.     In  any  individual  case  t  hey  are  Likely  fco  deparl 

widely  from  the  trnth.  At  Columbus,  in  1882,  tin-  mean  velocity  was 
found  at  a  < I « •  | >t li  of  0.71.  AtCarrollton,  in  1883,  at  high  water,  the  place 
of  mean  velocity  was  at  a  depth  of  0.77;  at  low  water,  0.66.  It  cannot  be 
safely  assumed,  then,  that  the  place  of  mean  velocity  is  to  be  found  at 
the  same  depth  at  all  stations  or  at  the  same  station  at  different  st  o 
nor  does  there  seem  to  be  any  good  reason  why  such  a  result  should  be 
expected.  The  curves  of  vertical  velocity,  as  plotted  from  the  indi- 
vidual observations  of  1882,  differ  widely  from  one  another.  Some 
show  the  mean  velocity  at  0.3  depth,  some  at  0.8.  The  error  introduced 
by  assuming  0.6  is  sometimes  as  much  as  0.5  ft.  per  second.  It  is 
usually  much  less  than  this,  not  more  than  0. 1  ft.  The  error  consequent 
on  the  assumption  of  uniform  variation  of  velocity  in  a  horizontal  plane 
will,  of  course,  depend  on  the  number  of  observation  points.  Some 
experiments  were  made  by  Captain  Townsend,  in  1893,  with  a  view  of 
determining  the  probable  error  caused  by  taking  stations  too  far  apart. 
Discharges  were  accordingly  calculated  with  the  stations  150  ft.  apart, 
and  afterwards  with  the  intermediate  stations  omitted,  making  the 
points  wThere  the  velocity  was  measured  300  ft.  apart.  The  results  are 
given  on  page  2949  of  the  "  Report  of  the  Mississippi  River  Commis- 
sion for  1894."  The  greatest  difference  found  was  about  3  per  cent. 
Ordinarily  it  was  less  than  1  per  cent.  The  excess  was  not  uniformly 
on  either  side. 

It  is  evident  that  in  any  individual  case  it  is  a  violent  assumption 
that  a  single  observation,  at  no  matter  what  depth,  will  represent  ac- 
curately the  mean  velocity  of  a  partial  area  of  2  000  to  20  000  sq.  ft., 
and  that  20  such  observations  will  give  the  mean  velocity  of  a  turbu- 
lent and  irregular  river  of  a  cross-section  of  200  000  or  250  000  sq.  ft., 
and  a  discharge  of  1  500  000  cu.  ft.  The  errors  may  compensate  one 
another,  or  they  may  be  cumulative.  In  short,  it  is  clear  that  anything 
like  minute  accuracy  in  the  measurement  of  the  actual  discharge  is 
out  of  the  question  by  the  means  heretofore  employed.  It  is  also  clear 
that  very  gross  discrepancies  in  individual  discharges  should  not  cause- 
surprise. 

It  is  very  possible,  however,  that  the  results  attained  by  present 
methods  are  more  accordant  than  they  would  have  been  if  the  actual 
discharge  had   been    correctly   ascertained;  for  they  partake   of  the 
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nature  of  mean  results,  and  are  thus  approximated  somewhat  to  one 
another.  From  what  has  been  already  learned,  it  will  appear  that  the 
actual  discharge  itself  varies  considerably  from  day  to  day  and  from 
moment  to  moment.  It  is  influenced  by  the  supply  from  tributaries 
and  the  return  flow  from  basins,  which  is  of  itself  very  irregular,  de- 
pending on  accidents  of  rainfall,  etc.,  by  winds,  by  disturbances  of 
cross-section  due  to  caving  and  the  passage  of  sand  waves,  by  changes 
in  the  conformation  of  the  shores,  by  the  shifting  of  currents  due  to 
the  change  from  low- water  to  high- water  channels  and  the  reverse,  and 
doubtless  to  many  other  causes  not  understood  or  suspected.  Ebbs 
and  flows  are  frequently  observed  in  the  reading  of  gauges.  Even  on 
still  days  the  gauge  will  fluctuate  a  tenth  or  so  while  the  observer  is 
looking  at  it.  The  existence  of  what  have  been  called  pulsations  of 
the  current  has  been  affirmed  and  denied.  In  the  case  of  winds,  it  is 
known  that  by  their  influence  the  thread  of  the  current  is  shifted  both 
vertically  and  laterally.  In  fact,  every  record  gives  evidence  of  what 
are  called  great  irregularities  in  the  motion  of  the  water.  Several 
instances  of  this  kind  have  already  been  cited.  It  is  true  that  these 
correct  themselves  in  time,  the  slope  being  the  great  regulator;  but 
this  cannot  prevent  oscillations;  it  can  only  keep  them  from  becoming 
excessive.  As  an  instance  of  extreme  departure  from  mean  conditions, 
on  May  3d,  1892,  at  Arkansas  City,  the  measured  discharge  was 
1  532  875.  Next  morning  it  was  found  to  be  1  733  676.  Astonished  at 
this  enormous  discrepancy,  the  engineers  repeated  the  observation  on 
the  afternoon  of  the  same  day,  and  found  1  741  526.  The  next  day, 
May  5th,  it  was  found  to  be  1  589  172.  At  Wilson's  Point,  93  miles 
below,  there  is  no  trace  of  such  a  perturbation  on  that  or  the  several 
following  days.  It  was  therefore  momentary  or  altogether  illusory. 
In  1893,  at  Arkansas  City,  an  excessive  discharge,  as  found  by  the 
ordinary  method,  was  corrected  by  the  flanking  method. 

Results. 

The  thirteen  published  volumes  of  the  "Reports  of  the  Mississippi 
River  Commission  "  contain  a  vast  mass  of  heterogeneous  data  on  the 
subject  of  discharges,  carefully  reduced  and  tabulated  in  a  suitable  form 
for  use.  They  cover  pretty  nearly  every  stage  and  every  condition,  and 
constitute  a  great  storehouse  of  information.  On  attempting  to  make 
use,  however,  of  these  laboriously  acquired  facts,  the  investigator  is 
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met  at  the  very  outset  with  a  grave  doubt  whether  they  arc  facl 
not.     Many  of  them,  as  will  be  found  on  the  most  superficial  examina- 
tion, arc   ilatlv    contradictory  of   one   another.      Therefore  they   can- 
not all  be  true.     This  being  the  case,  which  are  true  and  which  are 

false? 

It  is  found  that  a  discharge  of  1  400  000  passed  one  place  and  of 
1  200  000  passed  auother  at  only  a  day's  interval,  for  two  weeks 
together;  that  a  discharge  which  passed  last  year  at  a  gauge  reading 
of  41  passes  this  year  at  35;  even  the  different  seasons  of  the  same  year 
will  witness  an  almost  equal  disparity.  A  conclusion  drawn  from  the 
careful  study  of  the  observations  at  one  place  is  completely  upset  by 
the  teachings  of  another.  The  coefficient  of  the  formula  varies  from 
145  to  95  at  the  same  place  and  stage,  and  within  two  weeks.  The  dis- 
charge curve  is  like  a  skein  of  tangled  thread. 

The  first  feeling  of  the  investigator  who  plunges  into  this  mass  of 
perplexity  is  one  of  profound  skepticism.  There  is  no  truth  in  it; 
or  if  there  be  any,  it  is  impossible  to  distinguish  it.  Gradually, 
however,  he  finds  that  certain  features  are  constantly  reproduced; 
that  even  in  the  most  complicated  forms  there  are  shadowy  outlines,  like 
those  of  composite  photographs.  Even  the  most  chaotic-looking 
curve  has  a  general  direction,  a  tendency  toward  a  central  line  or  axis. 
He  finds  that  what  he  rashly  pronounced  to  be  lies  are  often  profound 
truths,  concealed  or  deeply  overlaid,  it  may  be,  by  films  of  error,  or 
distorted  by  temporary  perturbations.  What  he  wants  is  there,  if  he  can 
only  get  at  it. 

Of  the  long  list  of  discharges  given  in  Table  No.  II,  two  series  are 
particularly  valuable;  those  of  1882,  from  their  great  extent,  both  in 
range  of  river  and  in  time,  and  from  the  fact  that  they  contain  the 
records  of  the  greatest  known  flood;  and  those  of  1884-85,  because 
they  also  cover  a  wide  range  from  high  to  low  water,  and  because  they 
have  been  thoroughly  discussed,  and  there  is  a  pretty  accurate 
knowledge  of  the  methods  practiced  and  the  probable  sources  of  error 
in  them.  Next  to  these  in  importance  are  the  high- water  observations 
of  late  years,  in  which  it  is  possible  to  study  the  effect  of  the  closer  con- 
finement of  the  flood  waters  and  the  greater  heights  thereby  attained. 
The  observations  of  1888-89,  while  extending  over  several  months,  em- 
brace only  a  limited  range,  being  confined  to  perplexing  and  indecisive 
medium  stages. 
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Objects  Sought. 

The  immediate  object  is  to  find  out,  first,  what  was  the  greatest 
actual  discharge  that  ever  passed  down  the  Mississippi,  not  only  that 
which  was  held  in  the  channel,  but  also  that  which  passed  iu  the 
swamps  and  sloughs  outside  of  the  banks;  and,  second,  what  height 
would  such  a  flood  have  reached  on  the  gauges  of  the  several  stations 
if  it  had  all  been  restrained  between  banks  or  levees.  Better  than 
all  would  it  be  to  find  out  the  general  law  regulating  the  relations  of 
the  discharge  to  the  gauge,  so  that  it  would  be  possible,  not  only  to 
ascertain  the  height  corresponding  to  the  maximum  discharge,  but  to 
any  discharge,  at  any  time,  past,  present  or  future.  This  last  quest  is 
the  philosopher's  stone  of  the  river  engineer. 

The  Flood  of  1882. — In  the  year  1882  occurred  what  is  considered 
the  greatest  flood  that  has  ever  been  known,  and  if  the  discharge  of 
that  year  had  been  measured  with  accuracy,  half  of  the  question  would 
have  been  answered.  But  only  a  part  of  the  discharge  was  measured, 
and  that  pretty  crudely.  In  that  year,  the  levee  system  was  in  a  very 
imperfect,  almost  rudimentary,  state.  The  Saint  Francis  Basin  was  not 
leveed  at  all.  The  White  River  Basin  had  only  a  few  fragments  of  old 
and  private  systems.  The  upper  portion  of  the  Yazoo  Basin  had  the 
remains  of  an  old  system  in  a  ruinous  condition.  The  lower  part  of 
the  same  territory  had  a  continuous  line,  but  weak  and  insufficient. 
The  upper  Tensas  District  (from  Cypress  Creek  to  a  few  miles  below 
the  boundary  between  Arkansas  and  Louisiana)  had  a  broken  and  frag- 
mentary line,  as  good  as  none.  The  Louisiana  levees  were  small,  weak 
and  discontinuous.  Consequently,  long  before  the  river  had  reached 
its  height,  it  began  to  overflow  its  banks  and  to  escape  through  gaps 
in  the  old  embankments  and  frequently  over  their  tops.  As  it  rose  still 
higher,  it  began  to  break  the  levees,  and,  finally,  on  the  well  remem- 
bered night  of  February  28th,  a  violent  storm  arose,  which  demolished 
the  embankments  of  the  lower  Yazoo  District  in  30  or  40  places,  and 
those  of  Louisiana  in  perhaps  as  many  more.  This  was  eight  or  ten 
days  before  the  flood  would  have  attained  its  culmination. 

Of  the  vast  volumes  of  water  which  escaped  from  the  main  river, 
large  quantities  found  their  way  back  to  the  channel.  Of  that  which 
was  abstracted  immediately  below  Cairo,  a  considerable  part  returned 
in   the   bends   immediatelv  below,  and  was  measured  at  Columbus. 
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Nearly  all  came  back  Into  the  river  at  New  Madrid,  but  no  dischai 
were  taken  there.  Of  fchal  which  poured  into  the  Saint  Francis  Basin, 
all  rel  orned  at  or  above  Helena,  except  what  \\  as  lost  by  e\  aporai  ion  or 
Leakage  Or  was  retained  in  the  lakes  and  swamps.  That  which  escaped 
into  the  Yazoo  Basin  was  returned,  in  the  same  manner,  above  Yicks- 
burg.  Of  that  which  filled  the  White  River  Basin  part  was  restored 
through  the  White  and  Arkansas  Rivers,  or  at  the  foot  of  the  basin 
above  Arkansas  City:  part  went  to  swell  the  enormous  volume  dis- 
charged into  the  Tensas  Basin,  to  be  partially  returned  through  Red 
River,  but  mostly  never  to  see  the  Mississippi  again,  being  conveyed 
by  the  Atchafalaya  and  the  low  lands  of  the  basin  of  the  latter 
directly  to  the  Gulf  of  Mexico. 

Attempts  were  made  to  measure  the  escaping  water  as  well  as  that 
'  hich  was  retained  in  the  channel,  and  in  one  way  or  another  all  of  it 
was  accounted  for.  It  is  very  difficult  to  estimate  the  degree  of  cre- 
dence to  be  attached  to  the  crevasse  and  over-bank  discharges.  High- 
water  discharges  are  attended  with  many  sources  of  error,  some  of 
which  have  been  indicated.  Not  only  are  the  estimates  of  the  volume 
of  water  passing  liable  to  be  deceptive,  but  the  disturbances  produced 
by  crevasses,  escapes  and  return  flows  have  a  very  great  effect  upon 
the  stage.  Admitting,  for  instance,  that  1  500  000  ft.  of  discharge 
passed  Helena,  yet  it  is  probable  that  in  a  closely  confined  river  it 
would  have  passed  at  a  stage  of  50  ft.  instead  of  at  47.  The  behavior  of 
a  river  while  within  its  banks  is  comparatively  regular.  The  dis- 
charges at  such  stages  have  been  observed  many  times  and  at  many 
places,  and  may  be  checked  by  one  another  or  means  taken.  Obser- 
vations made  at  such  stages  therefore  afford  the  best  means  of  study- 
ing the  laws  regulating  the  discharge,  and  the  results  arrived  at  by 
such  reasoning  may  be  applied,  with  proper  modifications,  to  the  case 
of  a  confined  river  at  higher  stages. 

DlSCHAEGE     CUEVES. 

To  arrive  at  a  preliminary  conception  of  the  law  governing  the  pro- 
gression of  any  series  of  data,  a  customary  and  excellent  method  is  to 
plot  those  data  to  some  argument  that  seems  to  have  a  connection 
with  them  and  is  itself  known  or  easily  ascertainable.  This  is  an 
especially  well  recognized  mode  of  procedure  as  regards  discharges 
and  velocities.     Text-books  say  that   discharge  curves  may  be  thus 
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constructed  in  which  each  successive  gauge  height  shall  correspond  to 
so  many  cubic  feet  of  discharge. 

These  curves,  says  Debauve,*  are  parabolas,  convex  to  the  axis  of 
ordinates  (the  gauge  heights).  The  curve  of  mean  velocities  is  con- 
cave toward  the  same  axis.  These,  he  continues,  are  precious  indica- 
tions as  to  the  general  form  of  curves  of  discharge  and  velocity,  and 
they  enable  these  curves  to  be  traced  with  great  accuracy  as  soon  as 
two  or  three  points  have  been  determined  carefully,  and  the  correct- 
ness of  a  series  of  experiments  to  be  checked,  and  anomalies  and 
errors  to  be  detected. 

Tlie  Discharge  Curves  of  the  Mississippi  Very  Complicated. — Debauve's 
remarks  are  in  the  main  judicious;  and  doubtless  in  smaller  rivers,  and 
especially  those  of  fixed  regimen,  it  is  comparatively  easy  to  trace 
such  a  curve.  In  the  case  of  the  Mississippi,  such  a  process  is  at- 
tended with  many  difficulties.  Not  only  are  the  data  very  discrepant, 
but,  even  with  perfectly  correct  numerical  estimates,  the  relations 
between  gauge  and  discharge  vary  extremely  from  time  to  time,  owing 
to  the  instability  of  the  bed.  There  are  always,  in  all  rivers,  varia- 
tions in  these  relations  due  to  the  rising  and  falling  stages  ;  but  with 
the  Mississippi  this  is  but  the  beginning  of  complications.  As  an 
illustration,  let  there  be  plotted  the  curve  of  1882  at  one  of  the 
stations,  say  Columbus.  The  result  is  shown  on  Plate  VI.  f  The 
figure  has  a  general  trend,  but  as  to  attempting  to  fit  any  particular 
curve  to  it,  or  deducing  from  it  any  law,  it  is  baffling  in  the  extreme. 

These  bizarre-looking  figures  may  be  greatly  simplified  by  select- 
ing for  plotting  only  such  observations  as  were  made  at  stationary 
stages,  and  thus  eliminating  the  effects  of  the  rising  and  falling  move- 
ments. The  adoption  of  this  course  will  give  an  assemblage  of  points, 
through  which  a  curve  may  be  drawn  that  will  fit  them  fairly  well. 
Indeed,  half  a  dozen  such  curves  may  be  drawn,  none  of  which  will 
fit  perfectly,  but  all  tolerably,  and  all  about  equally  well  ;  but  when 
an  attempt  is  made  to  prolong  them,  to  compare  the  relations  which 
would  exist  at  high  stages,  it  is  found  that  the  upper  branches  will 
depart  widely  one  from  another. 

The  curious  and  complicated  sinuosities  and  entanglements  of  the 
actual  velocity  curves  are  not  inexplicable.      Part  of  them  are  due  to 


*  "  Navigation  Fluviale  et  Maritime,"  p.  53. 

t  From  the  "  Report  of  the  Mississippi  River  Commission  for  1883." 
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errors  of  observation.  All  of  them  are  more  or  less  affected  by  such 
errors;  but  the  greater  part,  by  their  persistency  and  evident  con- 
nection, show  that  they  are  genuine.  There  is  no  use  in  attempting 
to  average  them  away.  On  the  contrary,  they  are  worthy  of  careful 
study,  and  an  investigation  of  them  cannot  fail  to  be  profitable.  For 
t  Ins  purpose,  and  in  order  to  be  able  to  discriminate  between  errors 
and  unexpected  or  unexplained  truths,  it  will  be  well  to  go  back  a 
little  to  first  principles,  and  this  the  more  that  there  is  not  an  axiom 
of  hydraulics  which  has  not  been  called  in  question  at  the  present 
day. 

First  Principles. 

Mean  Velocity. — The  mean  velocity  of  a  stream  is  an  artificial 
quantity,  not  actually  existing  in  nature.  It  is  simply  the  quotient 
obtained  by  dividing  the  discharge  by  the  area  of  the  cross-section. 

The  fact  that  the  mean  velocity  is  an  abstraction  is  often  lost  sight 
of.  Such  expressions  as  "the  water  prism  passing  such  a  point  "  are 
often  heard,  the  water  prism  being  supposed  to  be  a  mass  of  water  having 
a  base  equal  to  the  area  of  the  cross-section  at  that  point  and  a  length 
equal  to  the  mean  velocity  for  the  time  considered.  In  reality  no 
such  water  prism  passes.  There  does,  indeed,  a  quantity  of  water  pass 
equal  in  volume  to  such  a  prism,  but  it  passes  in  fillets,  each  of  which 
has  a  different  velocity  from  that  which  adjoins  it.  The  upper  layers 
of  each  vertical  section  pass  at  a  speed  which  is  frequently  double 
that  of  the  bottom  layers,  and  the  surface  velocity  in  the  main  channel 
is  sometimes  four  times  that  next  the  shore.  Grave  errors  have  often 
been  committed,  are  committed  every  day,  by  inattention  to  these 
facts,  palpable  as  they  are. 

Slope  of  the  Water  Surface. — If  there  is  any  one  principle  in  hydraul- 
ics that  one  would  think  firmly  established,  it  is  that  in  open  channels 
the  motion  of  each  particle  of  water  depends  on  the  slope  of  the  water 
surface.  Yet  it  has  been  disputed,  not  so  many  years  ago,  by  an  engi- 
neer of  reputation,*  who  thought  that  the  observed  phenomena  of  the 
flow  of  rivers  could  not  be  explained  by  it.  He  accordingly  returned 
to  the  doctrine  of  the  older  Italian  hydraulicians,  that  velocity  in  a 
running  stream  depended  on  depth  below  the  surface.     Indeed,  these 

*  Robert  Gordon,  M.  Am.  Soc.  C.  E.  See  his  "Theory  of  the  Flow  of  Water  in  Open 
Channels."    Rangoon,  1875. 


STARLING    OX   DI><  EAEGE   OF   THE    MISSISSIPPI.  391 

phenomena  are  so  puzzling  that  one  may  be  excused  sometimes  for  a 
little  heterodoxy. 

The  postulate  on  which  all  formulas  for  velocity  rest  is  this:  In 
uniform  motion  the  accelerating  forces  are  equal  to  the  resistances. 
The  application  of  these  formulas  to  living  streams  depends  on  the 
greater  or  less  approximation  of  the  actual  circumstances  to  those  de- 
manded by  the  hypothesis  of  uniform  motion. 

Permanent  and  Uniform  Flow. — The  essence  of  permanent  motion  of 
water  is  equality  of  discharge  at  the  various  cross-sections.  Uniform 
flow  is  defined  to  be  that  particular  case  of  permanent  flow  in  which 
the  sections  are  equal  and  the  bed  of  the  channel  parallel  to  the  water 
surface.  If  it  be  conceded  that  in  a  flowing  stream,  after  a  greater  or 
less  time,  a  condition  is  attained  similar  to  that  demanded  by  the  pos- 
tulate, then  an  equation  may  be  found  which  shall  express  the  equi- 
librium between  the  accelerating  and  the  retarding  forces.  The  accel- 
erating force  is  gravity.  The  retarding  force  is  supposed  to  be  fric- 
tion, either  of  the  flowing  liquid  on  the  solid  walls  between  which  it 
runs,  or  of  the  particles  of  liquid  among  themselves,  the  latter  consti- 
tuting what  is  commonly  called  viscosity  or  viscidity. 

Considering  only  the  former  element,  it  is  thought  probable  a  priori, 
and  it  has  been  approximately  found  by  experiment  that  the  resisting 
power  of  friction  of  solids  on  liquids  varies  directly  as  the  square  of 
the  velocity. 

Laics  of  Fluid  Friction. — The  mass  of  evidence  on  which  rest  the 
so-called  laws  of  fluid  friction  is  very  small — incredibly  small  consid- 
ering the  importance  of  the  subject  and  the  momentous  conclusions 
which  have  been  drawn  from  the  said  laws;  and  their  correctness  can- 
not be  considered  firmly  established.     The  laws  are  as  follows  :* 

The  frictional  resistance  is  independent  of  the  pressure  between 
the  fluid  and  the  solid  against  which  it  flows. 

The  frictional  resistance  of  large  surfaces  is  proportional  to  the 
area  of  the  surface. 

At  low  velocities  of  not  more  than  1  in.  per  second  the  frictional 
resistance  increases  directly  as  the  relative  velocity  of  the  fluid  and 
the  surface  against  which  it  moves.  At  velocities  of  0.5  ft.  per  second 
and  greater  the  frictional  resistance  is  more  nearly  proportional  to  the 
square  of  the  relative  velocity. 

*  "Encyclopedia  Britannica,"  Vol.  XII,  p.  482,  article  "Hydromechanics.'' 
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Formula. — From  I  hese  laws  and  the  laws  which  govern  bo diei  falling 
under  the  influence  of  gravity  it  Lb  easy  to  deduce  a  Eormnla  depend- 
ing <>n  slope,  cross-section  and  wetted    peri ter,  or,  in  short,  slope 

and  mean  depth.     The  result  is  the  well-known  expression, 

v  =  c  y  r  s, 
which  embraces  in  itself  pretty  nearly  all  the  hydraulic  formulas 
which  have  been  attempted,  to  be  devised  for  rivers  and  for  ordinary 
velocities.  In  the  Chezy  formula  c  is  supposed  to  be  a  constant.  In 
most  of  the  others  it  is  a  function  of  r  or  of  s,  or  of  some  quantity  not 
included  in  the  formula,  as  the  roughness  of  the  channel,  etc.  It 
must  be  remembered  that  it  refers  strictly  to  uniform  motion,  and  that 
if  it  be  attempted  to  apply  it  to  any  other  case  it  must  be  modified  to 
meet  its  new  requirements. 

General  Formulas. 

There  are  several  reasons  which  militate  against  the  employment  of 
this  formula,  in  any  of  its  modifications,  for  general  purposes  ;  that 
is,  as  applied  to  all  sorts  of  rivers,  all  stages,  all  slopes,  all  forms  of 
section.  The  objections  apply,  also,  to  the  use  of  the  formula  for  dif- 
ferent stations  on  the  same  river  ;  and  some  of  them  are  adverse  to  the 
possibility  of  devising,  for  the  Mississippi  and  rivers  of  similar  type, 
a  rational  expression  for  the  relations  between  the  several  variables, 
even  for  different  stages  at  the  same  place.  This  does  not  exclude  the 
hope  of  finding  empirical  expressions  which  may  be  useful  for  local 
and  temporary  purposes. 

Objections  to  General  Formulas. — First. — The  hypothesis  of  uniform 
motion  is  not  even  approximately  realized. 

Second. — It  is  asserted  and  taken  for  granted  that  the  stream  is 
always  in  a  state  of  equilibrium  between  the  resisting  and  accelerating 
forces. 

Third. — The  formula  is  founded  on  the  supposition  that  the  only 
resistance  encountered  is  that  of  fluid  friction,  which  is  subject  to  the 
laws  cited  above. 

Fourth. — It  is  assumed  that  the  symbol  v  represents  the  mean 
velocity. 

Fifth. — It  is  assumed  that  the  bed  of  the  stream,  even  though 
irregular,  is  unalterable.    It  will  be  seen  that  this  is  very  far  from,  true, 
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and  that  the  changes  in  the  area   of  the  cross-section  have  a  serious 
disturbing  effect  on  the  velocity. 

Sixth. — For  practical  purposes,  the  only  expression  for  the  slope 
that  is  available  is  the  slope  taken  over  long  distances,  such  as  is  esti- 
mated, for  instance,  from  one  gauge  station  to  another.  In  the  appli- 
cation of  a  formula,  it  must  be  assumed  that  this  slope  is  the  same  as 
the  local  slope,  s,  of  the  formula,  or  bears  a  definite  relation  to  it, 
which  is  not  correct,  unless  by  accident.  Even  the  local  slope  is  not 
constant  for  all  parts  of  the  cross-section,  but  varies  greatly  from 
bank  to  bank. 

It  will  appear  more  clearly  how  very  far  the  actual  condition  of  the 
river  departs  from  uniform  motion.  It  is  said,  however,  that  the 
hypothesis  may  be  applied  on  the  supposition  that  the  portion  of  the 
stream  considered  is  so  short,  unobstructed  and  regular  that  it  shall 
conform  nearly  to  the  required  condition.  This  would  confine  the 
formula,  strictly  speaking,  to  one  stretch  at  a  time  ;  or.  at  most,  its  use 
would  be  limited  to  localities  which  were  exactly  similar. 

Equilibrium. — It  is  usually  asserted  and  taken  for  granted  that 
rivers  are  in  a  state  of  equilibrium,  and  this  is  the  foundation  of  the 
theory  of  uniform  motion.  If  a  stream  of  water  flow  down  an  inclined 
plane,  the  velocity  is  accelerated  by  the  action  of  gravity  at  a  uniform 
rate.  The  resistance  of  friction,  on  the  other  hand,  increases  as  the 
square  of  the  velocity.  Consequently,  as  the  velocity  increases,  the 
resistance  increases  more  rapidly,  and  a  time  comes  when  the  two 
are  equal  ;  and  after  that  the  motion  is  uniform,  the  work  of  gravity 
being  expended  in  overcoming  the  friction  of  the  bed. 

Dubuafs  Experiments. — It  is  well  known  that  most  of  the  experi- 
ments on  which  is  founded  the  present  knowledge  of  the  motion  of 
water  were  made  on  a  very  small  scale.  The  greater  part  of  Dubuat's 
famous  series  of  observations  were  made  with  troughs  less  than  20  ins. 
wide,  with  a  depth  of  water  not  exceeding  1  ft.  It  is  wonderful  what 
solid,  valuable  and  even  brilliant  results  were  achieved  with  such  im- 
perfect means.  It  is  almost  equally  wonderful  how  many  inferences 
hastily  drawn  from  such  imperfect  data  (not,  however,  by  Dubuat 
himself)  have  been  accepted  as  facts.  It  is  no  doubt  true  that,  given  a 
channel  of  infinite  length  and  unerodable  and  unchangeable  bed,  no 
matter  what  the  cross-section  or  what  the  inclination,  at  some  time  a 
state  of  equilibrium  would  be   reached.     The  smaller  the  stream,  the 
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sooner  wotdd  this  condition  occur.  With  very  small  channels  it  may 
take  place  within  a  few  feet.  In  Bossut's  experiments,  made  with  a 
wooden  trough  656  ft.  long,  even  with  so  great  a  slope  as  1  in  10,  equi- 
librium was  attained  within  the  first  108  ft.*  In  very  great  rivers  it 
may  not  occur  at  all.  In  fact,  it  is  probable  that  it  does  not  occur. 
If  it  did,  then  no  matter  what  the  relations  between  the  resistance  and 
the  velocity,  the  equilibrium,  being  established  upon  a  certain  slope, 
would  continue  to  subsist  upon  the  same  slope. 

In  fact,  the  equation  E  =  W  sin.  i,  which  expresses  the  equality 
between  the  resistance  and  the  effective  component  of  the  weight,  or 
the  accelerating  force,  is  impossible  except  in  strictly  uniform  motion; 
that  is,  when  the  cross-sections  are  not  only  equivalent  in  area,  but  are 
similar  in  form,  with  the  water  surface  parallel  to  the  river-bed.  The 
equation  merely  expresses  the  proposition  that  in  a  stream  of  uniform 
bed,  section  and  slope,  in  which  a  condition  of  equilibrium  has  been 
attained,  the  velocity  will  be  expressed  by  the  relation  v  ==  c  v/  r  s. 
If  any  one  of  the  conditions  fail,  the  equation  ought  not  to,  and  will 
not,  hold  good.  If  it  be  true  of  one  shape  of  cross-section,  it  will  not  be 
true  of  another  shape;  if  it  be  true  of  high-water  conditions,  it  will  not 
necessarily  be  true  of  low-water  conditions;  that  is,  in  these  cases  c 
will  not  be  a  constant,  or  will  not  be  the  same  constant  at  Helena  as 
at  Carrollton,  at  high  water  as  at  low.  If  it  be  true  of  a  stream  in 
which  equilibrium  has  been  reached,  it  will  not  be  true  wThen  that 
condition  has  never  existed  or  has  been  disturbed. 

Modified  Equilibrium. — Though  the  ideal  equilibrium  of  the  formula 
does  not  exist  (for  that  would  imply  uniformity  of  slope),  yet  that 
there  is  a  quasi-equilibrium  is  evident  from  the  fact  that  the  high- 
water  velocity  is  nearly  the  same,  in  the  mean,  from  the  head  to  the 
foot  of  the  alluvial  valley;  in  other  words,  the  accelerating  and  retard- 
ing forces  balance  one  another  in  the  long  run.  The  accelerating 
force  is  always  gravity  ;  but  the  effective  component  of  that  force 
varies  widely  with  the  perpetual  changes  of  local  slope.  The  retard- 
ing force,  too,  is  always  of  the  same  nature.  It  is  the  resistance  of 
the  bed ;  but  this,  in  a  natural  stream,  is  very  different  from  the  sup- 
posed friction  of  a  uniform  and  regular  section  in  a  straight  reach 
with  a  fixed  inclination.  It  is  rather  composed  of  a  series  of  shocks 
or  paroxysms,  each  followed  by  a  recovery  and  a  subsequent  accelera- 

*  D'Aubuisson,  "Hydraulics,"  p.  116.     (American  edition,  by  Bennett.) 
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tion.  The  plunge  down  a  steep  slope,  A  B  (Fig.  10),  is  followed  by 
a  shock  against  the  bottom  at  the  change  to  a  flatter  inclination. 
The  swift  impulse  in  the  nearly  straight  part  of  the  bend  A  B  is 
followed  by  the  shock  against  the  bank  in  the  bight  of  the  bend  B  C. 
Each  of  these  shocks  brings  the  velocity  to  a  check,  which  is  im- 
mediately succeeded  by  an  acceleration  where  there  is  a  renewal  of 
the  conditions  favorable  to  the  same.  There  is  a  series  of  oscillations. 
Each  acceleration  speedily  brings  about  its  own  correction,  which  is 
rather  an  over-correction;  and  each  retardment  produces  the  condi- 
tions of  a  subsequent  acceleration. 

In  a  stream  thus  organized,  a  system  of  general  equilibrium  may  be 
said  to  be  established,  but  it  must  always  be  borne  in  mind  that  the 
expression  is  true  only  in  a  limited  and  qualified  sense,  and  that  the 
equilibrium  is  liable  to  disturbance  whenever  there  is  a  change  of  cir- 
cumstances. 

A 

PROFILE 


Fig.  10. 
The  formation  of  the  bed  of  a  sedimentary  stream  depends  on  the 
combined  influences  of  all  the  different  stages.  Of  these,  the  high- 
water  stages  are  by  far  the  most  powerful,  from  both  volume  and  veloc- 
ity. The  living  force  at  extreme  flood  is  more  than  a  hundred  times 
what  it  is  at  extreme  low  water.  At  bank-full  stage  it  is  twenty  times  as 
much  as  at  ordinary  low  water,  and  five  times  as  much  as  at  medium 
stages.  If  it  is  assumed  that  in  every  10  years  there  occur  two  very 
high  waters,  five  reaching  bank-full  stage,  ten  in  which  mid-stage 
prevails  and  ten  of  ordinary  low  water,  and  if  extreme  high  water  be 
supposed  to  occupy  one  month,  bank-full  stage  two  months,  mid-stage 
four  months,  and  low  water  three  months,  the  respective  formative 
forces  of  the  several  stages  for  the  10  years  will  be  about  as  12,  50, 
20  and  4;  the  great  forces  which  prevail  in  extreme  flood  being  partly 
compensated  by  the  rarity  and  the  short  duration  of  the  latter  ;  and 
the  frequency  and  length  of  ordinary  floods  and  medium  stages  giving 
them  an  influence  to   which  their   dynamic   importance   would    not 
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entitle  t  hem.  On  the  whole,  it  is  clear  that  the  stages  greater  than  the 
medium  control  the  general  features  of  the  bed,  ami  thai  the  lower 
stages  subject  it  to  certain  modifications  which,  in  turn,  are  removed  at 
the  next  flood. 

There  is  no  necessary  antagonism,  in  general,  between  the  high- 
water  and  the  low- water  forces.  The  general  slope  and  general  cross- 
section  of  the  stream  are  not  affected  by  the  transition.  It  is  not  clear 
that  any  general  till  or  general  scour  is  to  be  attributed  to  either 
stage.  The  modifications  which  occur  from  changes  of  stage  appear 
to  be  local.  They  consist  mostly  in  the  building  of  the  bars  and  the 
deepening  of  the  pools  in  time  of  flood  and  the  reversal  of  these  pro- 
cesses in  low  water. 

Changes  of  Water  Slope  with  Stage. — While,  by  these  operations, 
the  general  dimensions  and  slope  of  the  bed  are  not  affected,  unless  by 
an  unusual  prolongation  of  the  high  or  low  stage,  or  an  unusual  suc- 
cession of  high- water  or  of  low-water  years,  yet  the  local  modifications 
of  them  are  considerable;  and  more  than  this,  the  water  slope,  wrhich 
in  flood  exhibited  an  approximation  to  uniformity,  and  a  certain  in- 
dependence of  minor  inequalities  of  the  bed,  in  low  water  conforms 
more  strictly  to  those  inequalities,  and  great  variations  of  local  slope 
are  introduced.  The  general  equilibrium  is  not  disturbed,  or  rather, 
there  is  substituted  for  it  a  different  sort  of  equilibrium.  There  is  no 
longer  the  violent  shock  against  the  banks  or  bottom.  It  is  not  neces- 
sary, and  the  conditions  are  not  in  force  to  produce  it.  The  equi- 
librium which  now  exists  approximates  more  nearly  to  the  ideal 
equilibrium  of  uniform  motion,  with  the  necessary  modifications  due 
to  violent  changes  of  cross-section  and  slope. 

If  Equilibrium  Exists  at  High  Stages,  It  Will  Exist  at  Low. — Let  there 
be  given  a  certain  channel  of  uniform  dimensions  and  of  fixed  slope, 
and  let  it  be  conceded  that  after  a  certain  point  has  been  reached  a 
stream  as  full  as  the  channel  will  bear  will  be  in  a  state  of  equilibrium, 
the  resistances  balancing  the  acceleration.  Let  now  the  stream  be 
reduced  in  size;  it  will  still  be  in  equilibrium.  No  matter  how  low  the 
inclination  of  the  channel  nor  how  small  the  stream,  if  the  greater 
volume  has  been  passed,  the  less  will  be.  But  the  resistance  of  fric- 
tion will  be  disproportionately  great,  the  velocity  disproportionately 
low,  and  the  area  of  the  cross-section  consequently  increased.  It  will 
take  a  shorter  time  for  the  small  and  low  stream  to  reach  equilibrium 
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than  for  the  large  and  rapid  one.  According  to  Dulmat's  experiments, 
when  equilibrium  was  established,  the  velocity  then  attained  was  equal 
to  that  due  to  the  entire  fall,  and  the  head  due  to  the  mean  velocity 
was  equal  to  the  difference  between  the  height  of  the  reservoir  whence 
the  canal  was  supplied  and  that  of  the  uniform  section.*  The  bottom 
of  the  reservoir  and  that  of  the  canal  were  at  the  same  level. 

If,  therefore,  a  channel  be  of  such  dimensions  and  slope  as  to  carry 
a  large  stream  in  equilibrium,  it  will  carry  a  small  one.  The  resist- 
ance due  to  the  area  of  the  rubbing  surface  will  be  greater  in  propor- 
tion to  the  volume  carried  in  the  latter  case  than  in  the  former,  but 
the  resistance  due  to  velocity  will  be  less.  If  the  wetted  perimeter  be 
reduced  from  4  000  to  2  000  and  the  volume  from  1  500  000  to  100  000, 
then  the  proportion  of  rubbing  surface  to  volume  will  be  increased  7.5 
times.  If  the  velocity  be  reduced  from  6  to  2.2  ft.  per  second,  then  the 
resistance  due  to  velocity  will  be  reduced  7.5  times.  In  short,  the 
proportions  will  be  so  adjusted  that  a  new  equilibrium  will  be  estab- 
lished. 

Experiments  on  a  Small  Scale  Not  Necessarily  Applicable  to  Great  Rivers. 
■ — The  conclusions  drawn  from  experiments  on  a  small  scale  cannot  be 
applied,  except  by  analogy,  to  great  rivers,  or  perhaps  even  to  small 
ones;  and  in  applying  the  analogy,  due  heed  must  be  paid  to  all  cir- 
cumstances. It  cannot  be  inferred,  for  instance,  in  the  case  of  the 
Mississippi,  supposing  the  origin  of  velocities  to  be  Cairo,  that  an 
equilibrium  would  be  attained  as  soon  as  a  mean  velocity  of  6  ft.  was 
reached,  the  fall  due  to  which  is  0.56  ft,,  corresponding  to  about  a 
mile  and  a  half  of  distance.  If  such  were  the  case,  the  slope,  as  has 
been  intimated  before,  would  be  constant  below  this  point.  But  would 
not  a  curved  slope  carry  the  discharge  as  well  ?  Undoubtedly  ;  but  in 
the  case  of  equilibrium,  the  velocity,  under  the  circumstances  of  a 
decreasing  slope,  would  be  reduced  and  the  cross-section  increased  as 
the  slope  became  flatter  and  flatter,  which  is  known  to  be  the  reverse  of 
the  truth,  and  which  would,  indeed,  be  incompatible  with  the  very  ex- 
istence of  a  silt-bearing  stream,  as  it  would  not  permit  the  transporta- 
tion of  its  load  of  sediment.  Such  a  condition  would  lead  to  the 
gradual  and  pretty  rapid  filling  up  of  the  lower  reaches  of  the  river. 

The  means  by  which  the  velocity  is  maintained  nearly  constant 
under  the  continual  changes  of  slope  are  several.     In  that   part    of 

*  D'Aubuisson,  *'  Hydraulics,"  p.  136. 
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t  be  river  where  the  slope  is  steepest,  the  cross-section  is  wide  and  shal- 
low. Bars  and  islands  are  plentiful.  Large  volumes  of  water  are  Lost 
over  "points"  in  flood  time,  or  escaj>e  into  the  great  basins  and  are 
returned  at  the  outfalls  of  the  same.  There  are  violent  alternations  of 
width,  deep  bends,  frequently  with  banks  of  inerodable  or  difficultly 
erodable  material.  As  the  slope  becomes  flatter,  the  cross-section  In- 
comes more  favorable  to  the  passage  of  the  discharge,  deeper,  nar- 
rower, until,  as  the  Gulf  is  approached,  it  has  not  much  more  than 
half  the  width  that  it  possessed  above  Helena,  and  has  almost  double 
the  depth.  It  is  also  somewhat  straighter  and  has  much  easier  curves 
and  a  more  symmetrical  and  more  uniform  cross-section. 

The  resistances  above  enumerated  are  very  difficult  to  be  reduced 
to  a  formula.  While  it  may  be  said  that  the  sum  of  them  is  equal  to 
the  accelerating  force,  yet  how  is  the  sum  of  them  to  be  obtained? 
Resistances  of  this  kind  cannot  be  classified  under  the  head  of  friction. 
The  assumption  cannot  be  made  of  them  that  they  are  independent  of 
pressure  or  weight.     They  partake,  in  fact  of  the  nature  of  work. 

Fluid  Friction  and  Viscosity. — It  has  been  seen  that  the  resistances 
to  the  flow  of  water  are  of  two  classes;  one  depending  on  the  solid  sur- 
face with,  which  the  water  is  in  contact,  and  the  other  on  the  internal 
relations  of  the  particles  of  the  fluid  among  themselves,  and  these  have 
been  called  by  the  names  of  friction  and  viscosity.  If  these  terms  are 
to  be  understood  as  embracing  between  them  the  total  resistance,  they 
must  be  accepted  in  very  different  significations  from  those  which  they 
usually  bear.  It  is  evident,  from  what  has  just  been  said,  that  pure 
friction  is  responsible  only  for  a  part  and  possibly  a  small  part  of  the 
resistance  of  the  walls  of  the  channel;  and  it  appears  certain  that  pure 
viscosity  cuts  a  very  insignificant  figure  in  the  internal  resistances. 

If  the  motion  of  water  took  place  with  perfect  regularity,  if  the 
sides  of  the  channel  were  perfectly  smooth  and  the  layers  or  laminae 
slid  on  one  another  without  disturbance,  the  effect  of  viscosity  would 
be  comparatively  slight.  This  fact  was  adverted  to  by  Dupuit,  in  his 
discussion  of  the  relations  between  bottom  and  mean  velocity.* 

Says  Professor  Unwin:f 

"  Boussinesq  has  shown  that  the  central  filament  in  a  semi-circular 
canal  of  1  m.  radius,  and  inclined  at  a  slope  of  only  0.0001,  would  have 

*  "  Mouvement  des  Eaux,"  p.  55. 

t  "Encyclopedia  Britannica,"  Vol.  xii,  pp.  459-460. 
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a  velocity  of  187  m.  per  second,  the  layer  next  the  boundary  remaining 
at  rest.  But  before  such  a  difference  of  velocity  can  arise,  the  motion 
of  the  fluid  becomes  much  more  complicated.  Volumes  of  fluid  are 
detached  continually  from  the  boundaries,  and,  revolving,  form 
eddies  traversing  the  fluid  in  all  directions,  and  sliding  with  finite 
relative  velocities  against  those  surrounding  them.  These  slidings 
develop  resistances,  incomparably  greater  than  the  viscous  resistance 
due  to  movements  varying  continuously  from  point  to  point.  The 
movements  which  produce  the  phenomena  commonly  ascribed  to  fluid 
friction  must  be  regarded  as  rapidly  or  even  suddenly  varying  from 
one  point  to  another.  The  internal  resistances  to  the  motion  of  the 
fluid  do  not  depend  on  the  general  velocities  of  translation  at  different 
points  of  the  fluid  (or  what  M.  Boussinesq  terms  the  mean  local 
velocities),  but  rather  on  the  intensity  at  each  point  of  the  eddying 
agitation.  The  problems  of  hydraulics  are  therefore  much  more  com- 
plicated than  problems  in  which  a  regular  motion  of  the  fluid  is  as- 
sumed, hindered  by  the  viscosity  of  the  fluid." 

Indeed,  many  of  these  phenomena  are  not  dependent  on  viscosity 
at  all,  for  movements  of  an  analogous  nature  are  found  even  in  air. 
such  as  eddies,  whirls,  and  even  the  drawing-on  of  one  stratum  or 
layer  by  the  friction  or  attraction  of  the  one  adjacent. 

Dupuifs  Objection. — It  has  been  denied  that  the  formula  gives  the 
quantity  sought,  for  the  reason  that  the  r  of  the  formula  does  not 
represent  the  mean  velocity,  but  the  actual  velocity  of  that  particular 
part  of  the  stream  that  rubs  against  the  bank.  It  is  to  the  square  of 
this  velocity  that  the  resistance  is  proportional,  and  it  is  this  quantity 
that  enters  into  the  equation.* 

The  force  of  this  objection  seems  to  be  somewhat  diminished  by  the 
fact  that  in  the  experiments  on  which  is  based  the  knowledge  of  the 
laws  of  fluid  friction,  the  velocity  measured  was  not  that  actually  ex- 
isting at  the  surfaces  of  contact  between  the  solid  and  the  liquid 
bodies.  Most  of  these  experiments  were  made  by  moving  solid  sur- 
faces through  liquids,  and  the  velocity  which  was  proportional  to  the 
resistance  was  the  velocity  of  the  surface  relatively  to  the  banks,  not 
relatively  to  the  velocity  of  the  envelope  of  water  immediately  adjacent 
to  the  solid,  which  participates  in  the  movement  of  the  solid.  It  may 
be  fairly  asserted  that  a  part  of  the  resistance  experienced  by  the  mov- 
ing surface  consists  in  imparting  this  motion  to  the  surrounding- 
water   against  the  cohesion  of  the  adjacent   particles;  and  that  conse- 


*  Dupuit,  "  Mouvement  des  Eaux,"  pp.  4-5. 


400  STARLING    <>\    DISCHARGE   OF  THE    MISSISSIPPI. 

quently  the  friction  between  the  solid  surface  and  the  film  in  Im- 
mediate proximity  to  it  is  not  the  friction  Bought,  nor  is  the  relative 
velocity  of  the  two  the  velocity  sought.  In  like  manner,  when  the 
liquid  is  in  motion  and  the  solid  stationary,  the  same  reasoning  may 
apply;  that  is,  the  bank  of  the  river  has  already  done  a  part  of  its  work 
in  retarding  the  velocity  of  the  fillets  immediately  adjacent  to  it,  and  of 
those  more  remote  fillets  to  which  the  influence  of  the  adjacent  fillets 
extends;  and  that  hence  the  velocity  of  those  retarded  fillets  should 
not  be  the  criterion  of  the  resistance  experienced.  If  it  were,  then  the 
velocity  of  the  layer  immediately  next  to  the  bank  should  be  the  one 
considered.     Now  this  is  nothing,  or  next  to  nothing. 

Velocity  of  the  Formula  not  the  Mean  Velocity. — There  is  undoubt- 
edly, however,  a  flaw  in  the  reasoning  by  which  the  velocity  of 
the  formula  is  made  to  appear  to  be  A 

^_      )         ' 1 ' ' 1 1 1 i 1 1 1 1 1 1 ' lQ 

the  mean  velocity  of  the  whole  sec-  — L— ^1    j  ;   I   !'!;■!  I  |  J  / 

tion.     The  velocity  and  the  resist-  \i   '    '      :   ■   !  '  '  / 

ance  to  which  it  is  proportional  \I  !'!'■/ 

vary  at  every  point  of  the  peri-  ^LJ_J/ 

B 

meter.  At  A ,  Fig.  11,  the  velocity  is  FlG  n 

1  ft. ;  at  B  it  is  5  ft.     If  the  perimeter  be  divided  into  n  nearly  equal 

spaces,  then  (supposing  the  proportion  constant)  the  resistance  in  each 

part  of  the  perimeter  will  be  equal  to  Al—  v2,  and  the  total  resistance 

(v  2     i     v  2     I     v  2  _j_  v   2x 

will  be  equal  to  Alp  v  °  '  '  ,  where  A  represents  the 

constant  of  proportion,  I  the  length  of  the  stretch  of  river  considered, 
and  p   the   wetted  perimeter.     Now   the   mean   velocity   is   equal  to 

Bv0  +  Cvx  -f-  Dv2  +   •  •   Nvn      h       B    c  D  et      represent  the  partial 
B  +  C+  D  -f-....iV 

areas.     In  the  ordinary  way   of   misunderstanding  the  formula,  the 

.      /Bv()  +  Cv,  -f- Nvn\  2    .  , 

total  resistance  is  made  equal  to  Apt  [  -— p       ^ -^ — J      instead 

of  to  the  expression  first  given  above.  In  the  one,  v2  is  taken  to  mean 
the  average  of  the  squares  of  all  the  partial  or  local  velocities  at  every 
point  of  the  perimeter;  in  the  other  it  represents  the  square  of  the  sum 
of  the  products  of  each  individual  velocity  by  its  partial  area,  divided 
by  the  square  of  the  total  area.  This  error  is  not  always  of  great  con- 
sequence at  high  stages,  but  with  particular  forms  of  sections  may 
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become  very  important.  Iu  one  instance  (Helena,  in  1884-85),  it 
amounted  to  0.12;  in  another  (Warfield's  Point,  1893  ,  to  0.14;  but  in 
>till  another  (Bachelor's  Bend,  1893),  taken  on  the  same  day  as  the 
preceding,  and  only  a  few  miles  distant,  to  1.31;  all  this  at  mid-stage, 
with  a  discharge  of  about  700  000. 

It  is  well  known  that  there  is  great  difficulty  in  applying  the 
Chezy  formula  or  any  formula  to  streams  of  different  depths  or  even 
to  the  same  stream  at  the  same  station  at  different  stages  of  water. 
Observation  shows  that  in  such  cases  c  is  not  a  constant  at  all,  but 
varies  with  the  stage  and  with  other  circumstances.  Will  Dupuit's 
supposition  afford  a  relief  from  this  difficulty  ? 

Ratio  Between  Mean  and  Bottom  Velocities. — The  relation  between  the 
mean  and  the  bottom  velocities  at  different  stages  is  not  well  under- 
stood. The  ratio  between  the  maximum,  mean  and  minimum  velocities 
has  often  been  given  in  the  text-books  as  about  5,  4  and  3,  irrespective 
of  depth.  It  was  inferred  by  Dubuat.  from  his  experiments,  that  the 
ratio  of  velocity  at  the  surface  to  that  at  the  bottom  is  greater  accord- 
ing as  the  velocity  is  less,  and  that  this  ratio  is  entirely  independent 
of  the  depth.  He  also  observed  that  the  mean  velocity  was  a  mean 
proportional  between  the  surface  and  bottom  velocities.  This  question 
has  been  made  the  subject  of  an  elaborate  investigation  by  Dupuit^ 
who  deduces  the  following  formula: 

-r,  .  mean  velocitv 

Bottom  velocitv  =  — - — — — -. 

1  -f  I).  1 3  r 

If  the  ratio  between  the  mean  and  bottom  velocities  be  nearly  con- 
stant at  all  stages,  it  makes  little  difference  which  signification  be 
attached  to  the  symbol  r.  The  only  difference  between  the  use  of  the 
mean  and  the  bottom  velocity  is  that  the  coefficients  will  be  less  in  the 
latter  case,  but  they  will  differ  among  themselves  by  the  same  ratio. 

Observations  of  1882. — There  are  not  many  data  from  which  to  form 
a  decisive  opinion  with  reference  to  the  relation  between  the  mean 
and  the  bottom  velocity  at  different  depths.  The  observations  of  1882 
furnish  a  mass  of  information,  some  of  which  can  be  made  to  bear 
upon  this  point,  or  rather  as  to  the  relation  between  maximum  and 
bottom  velocity.  By  combining  the  different  verticals,  there  will  be 
found  for  this  relation : 

*  "  Mouvement  des  Eaux,"  p.  55. 


402 


STARLING   OX    DISCHARGE    OP   THE    .MISSISSIPPI. 


At  Paduoah. 

depths  above  GO  ft 

5  < 
5 

Dbservations, 

0.47 

11          between 

50  and  60  ft ... . 

0.49 

(i                ti 

40  and  50  ".... 

6 

a 

0.56 

<<                «< 

30  and  40  " 

21 

<  i 

0.56 

««                < . 

20  and  30  ".... 

01 

a 

0.63 

it                       a 

15  and  20  ".... 

27 

a 

0.67 

c<                        << 

10  and  15  ".... 

62 

a 

0.74 

"          below 

10  ft 

24 

tt 

0.76 

At  Columbus. 
At  depths  above  60  ft 55  observations,  0. 65 


between  50  and  60  ft 33 

below  50  ft 12 


0.64 
0.60 


At  Helena. 

At  depths  above  60  ft 19  observations,  0.58 

0.53 
0.54 

0.58 
0.68 
0.71 


between  50  and  60  ft ... . 

23 

(< 

40  and  50  ".... 

15 

(< 

30  and  40  " 

13 

tt 

20  and  30  " 

15 

below 

20  ft 

5 

At  Red  River  Landing. 
At  depths  between  50  and  60  ft 6  observations,  0.64 


below 


40  and  50  " 
30  and  40  " 
20  and  30  " 
20  ft 


4 
10 


0.66 
0.49 
0.66 
0.57 


At  Carrollton,  in  1883,  the  mean  of  33  high-water  verticals  gave  a 
ratio  of  bottom  to  maximum  velocity  of  0.55.  A  mean  of  21  low- 
water  verticals  gave  a  ratio  of  0.49. 

These  results  are  not  at  all  accordant,  and  there  is  not  much  profit 
in  combining  them  further;  especially  as  there  is  no  direct  method  of 
comparing  either  the  bottom  or  the  maximum  velocity  with  the  mean. 
At  Carrollton,  Mr.  Price  found  the  ratio  of  mean  to  bottom  velocity  at 
high  stages  to  be  0.58,  and  at  low  stages  0.53.     However,  Carrollton  is 
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subject  to  very  peculiar  low-water  conditions.  For  the  whole  series 
of  observations,  the  ratio  between  maximum  and  bottom  velocities  is 
about  0.66,  which  corresponds  very  closely  with  that  found  by  M. 
Bazin.  Dupuit's  formula  gives,  for  depths  of  60  ft.,  a  ratio  of  mean 
to  bottom  velocity  of  0.69;  for  a  depth  of  20  ft.,  0.87. 

This  result  M.  Dupuit  admits  with  great  candor  is  not  in  accord- 
ance with  experience,  and  he  attributes  the  discrepancy  to  the  internal 
movements  of  the  particles  above  referred  to. 
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Fig. 12. 

It  cannot  be  affirmed,  then,  that  the  substitution  of  the  bottom  for 
the  mean  velocity  would  bring  the  formula  into  any  closer  accord  with 
facts. 

Variations  of  Cross-Section. — The  variations  in  cross-section  which 
progress  during  each  season  are  accompanied  by  disturbances  of  the 
velocity  which  are  not  only  unrecognized  by  the  formula,  but  are 
apparently  in  direct  opposition  to  it. 
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In  any  formula  of  velocity  which   has  ever  been   proposed,  if  the 

slope  remain  constant  (other  circumstances  being  unchanged)  and  the 
mean  depth  be  increase, 1,  the  velocity  will  increase.  Yet  the  observa- 
tions of  every  year,  at  every  point,  show  Instances  where  increase  of 
depth  is  accompanied  by  loss  of  velocity,  not  only  where  other  circum- 
stances seemed  to  be  unchanged,  but  where  they  apparently  conspired 
to  aid  the  increased  depth  in  bringing  about  an  augmentation  of  the 
velocity.  A  remarkable  example  of  this  kind  is  given  in  Fig.  12,  which 
is  a  plotting  of  the  high-water  discharge  of  1890  at  Wilson's  Point. 
The  phenomena  are  perfectly  explicable,  and,  indeed,  are  perfectly 
natural,  but  they  are  not  at  all  in  accordance  with  the  formula. 

The  theory  of  permanent  motion  demands  as  its  first  requisite  uni- 
formity of  discharge.  Indeed,  it  is  impossible  that  streams  could  con- 
tinue to  flow,  as  experience  proves  they  do  flow,  on  any  other 
supposition.  The  discharge  that  passes  A  must  be,  on  the  wdiole,  the 
same  that  passes  B,  excluding,  of  course,  disturbances  from  rises  or 
falls.  If  it  were  otherwise,  if  at  A  there  passed  even  10  000  cu.  ft.  per 
second  more  than  at  B  for  24  hours  continuously,  there  would  be  an 
accumulation  between  A  and  B  of  864  000  000  cu.  ft.;  and  if  these  sta- 
tions be  40  miles  apart  there  would  be  a  rise  throughout  the  reach  of 
1  ft.  Experience  shows  that  the  movement  of  the  discharge  takes 
place  with  remarkable  uniformity.  At  stations  which  are  contiguous, 
or  which  are  even  hundreds  of  miles  apart,  provided  no  tributary  or 
outlet  intervene,  the  gauges  move  from  day  to  day  with  almost  paral- 
lelism, subject  only  to  the  gradual  oscillations  of  slope  which  accom- 
pany rises  and  falls. 

Incompatibility  of  Conditions. — But  if  the  discharge  be  uniform  and 
the  cross-section  vary,  the  velocity  must  vary  also,  but  in  an  inverse 
sense.  The  greater  the  area,  the  less  the  velocity.  In  the  instances 
cited  the  increase  of  area  was  all  in  the  direction  of  depth,  the  width 
remaining  constant.  Therefore,  the  condition  of  permanency  of  dis- 
charge seems  to  be  diametrically  opposed  to  the  fundamental  postulate 
demanded  by  the  formula,  the  increase  of  velocity  with  mean  depth. 

Variations  of  Local  Slope. — While  the  general  slope  does  not  vary 
materially  during  these  operations,  yet  it  is  probable  that  the  local 
slope  experiences  considerable  changes.  It  will  be  seen  in  many  in- 
stances that  local  slope  is  constantly  working  and  is  of  great  power. 
It  is  certain  that  the  local  slope  corresponding  to  a  high  velocity  can- 
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not  be  maintained  when  the  velocity  is  considerably  lessened.  Infor- 
mation on  this  point  is  very  scanty,  and,  indeed,  the  difficulty  of 
defining  what  constitutes  local  slope  and  of  ascertaining  it  after  it  has 
been  defined,  and  of  separating  it  from  eddy  action,  etc., is  very  great; 
nor  is  it  apparent  that  for  the  present  purpose  the  benefit  derived 
from  such  observations  would  be  commensurate  with  the  trouble  in- 
volved in  making  them.  In  truth,  at  any  given  point,  the  influences 
of  velocity  of  approach  and  of  local  slope  are  inextricably  intermingled; 
and  it  is  probable  that  the  relative  importance  of  the  two  elements  is 
frequently  interchanged  at  the  same  station. 

LOUISIANA    BEND,  APRIL  9,   1890. 
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Fig. 13. 
Mean  Depth  at  any  Particular  Station  not  always  Controlling. — The 
dictum  that  mean  depth  has  an  immediate  controlling  influence  on  ve- 
locity is  frequently  contradicted  by  the  experience  derived  from  meas- 
urements of  relative  velocity  in  various  parts  of  the  cross-section.  It 
is  true  that  the  contradiction  is  more  apparent  than  real,  and  that  the 
variations  of  depth  in  such  cases  are  often  or  always  compensated  by 
opposite  changes  of  local  slope.  If  the  assumption  that  mean  depth 
is  controlling  be  absolutely  true,  it  should  hold  good,  not  only  for  dif- 
ferent sections  of  a  river,  but  for  different  parts  of  the  same  section. 
But  it  is  found  that  the  swiftest  current  is  not  always  in  the  deepest 
water,  even  in  the  same  section.     This  fact  is  clearly  shown  in  the 
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plots  of  velocity  observations.  These  are  not  usually  published,  but 
an  instance  may  be  oited,  troni  Bouroes  accessible  to  examination,  in 
tlic  observations  taken  in  Louisiana  Bend  in  1889,  1890  and  L891,*  and 

at  Shipland,  in  Mississippi,  on  June  21st  and  22d,  1892. f  Selections 
from  these  are  reproduced  in  Fig.  13.  In  both  these  instances  it  will 
be  observed  that  the  strongest  current  is  not  uniformly  or  usually  in 
the  deepest  water,  even  in  flood  time,  but  is  sometimes  in  compara- 
tively shallow  depths. 

In  the  former  case,  an  explanation  of  this  phenomenon  is  readily 
afforded  by  the  knowledge  that  the  local  slope  is  widely  different  in 
different  parts  of  the  cross-section.  The  observations  were  taken  at 
the  extremity  of  a  "  point,"  in  the  bight  of  a  deep  bend,  and  most  of 
them  were  taken  at  high  stages.  The  slope  next  the  bank  in  the  deep 
water  was  very  small  at  such  times,  in  accordance  with  a  general  law. 
Across  the  point  of  the  bar  it  was  very  steep.  The  rapid  descent 
at  the  latter  place  more  than  compensated  for  the  shallowness  of  the 
wrater.  The  reach  at  Shipland  is  broad  and  of  slight  curvature.  It 
cannot  be  doubted,  however,  that,  owing  to  local  causes,  the  threads  of 
the  current  that  possessed  the  highest  velocity  had  also  a  very  steep 
local  slope.  The  same  phenomena  are  presented  in  the  Helena  obser- 
vation of  March  20th,  1885  (see  page  410). 

Complexity  of  Conditions. — It  will  be  perceived  that  the  complexity 
of  local  conditions  may  be  such  that  it  is  almost  impossible  to  unravel 
their  intricacy  or  to  deduce  from  them  any  general  or  average  con- 
dition. What,  for  instance,  is  the  local  slope  at  Shipland  or  in 
Louisiana  Bend  ?  On  the  one  bank  it  may  be  0.5  or  0.6,  or  even  1,  ft. 
to  the  mile  ;  on  the  other  it  may  be  0.05  ft. 

The  slope  of  the  formula  is  the  inclination  of  the  stream  at  the 
point  considered.  This  can  hardly  be  regarded  as  a  determinable 
quantity.  Many  attempts  have  been  made  to  ascertain  it  by  direct 
measurement,  but  without  success.  The  fall  per  mile  is  so  small  that 
a  trifling  error  in  the  levels  will  make  a  great  error  in  the  slope. 
It  is  very  difficult  to  ascertain  what  is  the  exact  water  level,  affected 
as  it  is  by  ebbs  and  flows,  pulsations,  etc.,  and  it  is  well-nigh  im- 
possible to  eliminate  or  to  estimate  the  effects  of  eddies,  cross- 
currents and  threads  of  current.     The   local  slope   is  not   a   simple 


*  "  Report  of  Mississippi  River  Commission  for  1893,"  Appendix  5,  Plate  114. 
t  The  same,  Appendix  5,  Plate  11. 
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matter  at  all.  It  has  been  shown  already  that  there  is  reason  to  sup- 
pose that  each  part  of  the  cross-section  has  a  slope  of  its  own,  and 
further  evidence  will  be  adduced  in  support  of  the  same  opinion. 

Velocity  of  Approach. — The  doctrine  of  an  established  equilibrium, 
so  generally  accepted,  has  led  to  an  almost  total  neglect  of  the  con- 
sideration of  the  possible  influence  of  the  velocity  of  approach.  After 
a  state  of  equilibrium  has  supervened,  this  element  is  not  to  be  con- 
sidered at  all.  But  if  there  be  no  such  equilibrium,  due  account 
should  be  taken  of  it. 

In  the  state  of  quasi-equilibrium,  which  may  probably  be  consid- 
ered the  normal  or  usual  condition  of  the  river,  velocity  of  approach 
often  plays  an  important  part  in  the  adjustment  of  local  conditions. 
The  state  of  quasi-equilibrium  consists,  as  has  been  stated,  in  a  series 
of  oscillations,  of  accelerations  and  checks.  The  general  slope  in  flood 
time  is  too  great  for  equilibrium  ;  it  is  so  great  that,  if  equilibrium 
were  established,  the  velocity  necessary  to  bring  it  about  would  be 
fatal  to  the  stability  of  the  banks  and  bed.  Therefore,  whenever  the 
river  has  a  straight  course  for  a  few  miles,  its  velocity  is  sensibly 
accelerated,  until  a  corrective  is  applied  by  the  deepening  of  the 
channel  and  the  formation  of  a  shoal  or  island  below,  by  bends  or  by 
some  other  well  known  means. 

It  often  happens  that  long  pools  occur,  both  at  high  and  at  low 
water,  in  which  there  is  a  strong  current  with  less  than  the  average 
slope.  At  high  water,  the  mere  appearance  of  a  long  pool  with  little 
slope  may  be  deceptive  ;  for  at  such  a  time  the  current  is  often 
not  next  the  bank  in  the  bend,  but  across  points  or  bars,  so  that 
the  bend  approximates  to  the  condition  of  a  pool ;  but  at  low  water 
the  current  hugs  the  bank  closely.  Now  it  is  possible  for  a  consider- 
able velocity  to  be  established  at  a  low  slojoe,  but  it  is  not  possible 
that  it  should  be  acquired  with  no  slope  at  all,  or  with  a  reverse  slope. 
It  is,  however,  possible  that  it  may  be  maintained,  once  acquired,  at 
such  a  slope  under  favorable  circumstances  for  a  limited  distance. 

Reverse  Slopes. — In  the  series  of  observations  made  at  Carrollton  in 
1879-80,  under  the  direction  of  Captain  Leach,  and  thoroughly  dis- 
cussed by  him,*  reverse  slopes  are  mentioned  as  occurring  persistently, 
and  even  at  high  water.  Captain  Leach  does  not  consider  it  probable 
that  this  phenomenon  could  have  been  due  to  eddies,  the  latter,  as  he 

*  "  Report  of  Mississippi  River  Commission  for  1882,"  pp.  98-115. 
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remarks,  being  usually  high-water  phenomena,  or  being,  al  least,  most 

vigorous  at  that  Btage  and  decreasing  in  activity  witli  the  decline  of 
the  river,  wbcivus  the  reverse  slopes  were  most  decided  at  Ion   Btt 
Prom  the  observations  he  draws  the  following  important  conclusions  : 

"But  if  it  is  admitted  that  the  water  was  moving  down  stream, 
while  at  the  same  time  its  surface  Inclination  was  up  stream,  it  nm-t 
also  be  conceded  that  the  momentum  of  the  moving  water  enter-  a-  a 
Factor  in  determining  the  conditions  of  its  flow,  and  hence  no  exact  re- 
lation necessarily  or  even  probably  exists,  in  natural  channels,  between 
the  velocity  of  the  water  at  a  particular  time  and  place  and  the  local 
slope  of  its  Burface  at  the  same  time  and  place.  This  principle  may 
be  applied  to  the  sectional  areas  as  well.  By  the  term  local  slope  is 
meant  the  fall  of  the  water  surface  which  would  result  from  a  measure- 
ment made  over  a  very  short,  or  relatively  infinitesimal,  length.  Such 
measurement  is,  in  the  nature  of  things,  impossible,  and  the  quanti- 
ties here  discussed  are  not  strictly  local  slopes;  but  the  argument 
turns  on  the  existence  of  reverse  slopes,  which  being  demonstrated 
for  any  distance,  it  follows,  from  the  continuity  of  the  surface,  that 
reverse  slopes  must  exist  over  infinitesimal  distances  at  numerous 
points  between  those  determined. 

"  If  local  slopes  be  rejected,  it  follows  that  an  average  fall  over  an 
assumed  discance,  greater  or  less,  must  be  taken,  as  representing  the 
slope  which  determines  the  discharge." 

The  evidence  of  the  existence  of  actual  reverse  slopes,  however,  can- 
not be  considered  indubitable.  The  surface  of  the  river,  as  is  well 
known,  is  a  warped  surface,  and  the  current  crosses  from  one  side  to 
the  other,  producing  great  disparities  of  slope  on  the  two  sides. 

General  and  Local  Slope. — In  determining  the  coefficients,  in  the  dis- 
charges of  1890,  and,  indeed,  in  all  the  reductions,  the  slope  has  been 
taken  between  the  discharge  station  and  the  nearest  gauge  above  and 
belowr.  The  slopes  so  ascertained  have  differed  materially  from  one 
another  as  they  were  taken  above  or  below  the  station.  Thus  the  slope 
Bolivar- Arkansas  City,  in  1892,  was  0.000044  when  the  slope  Arkansas 
City  Greenville  was  0.000063.  The  coefficient  deduced  from  the  one  was 
109  when  that  deduced  from  the  other  was  91.  Nevertheless,  there  was 
a  pretty  regular  relation  between  the  two  systems  of  coefficients.  At 
Wilson's  Point,  in  1890,  it  was  possible  to  get  an  approximation  to  a 
local  slope  by  comparing  the  gauge  at  Lake  Providence,  about  10.5 
miles  distant.  The  results  differ  somewhat  from  both  that  deduced 
from  Greenville,  above,  or  Vicksburg,  below,  which  are  more  accordant 
among  themselves.     Thev  show  the   maintenance,  with    considerable 
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persistency  of  a  local  slope  decidedly  greater  than  the  general  slope 
either  above  or  below.  After  the  occurrence  of  a  great  crevasse  below 
Lake  Providence,  the  local  slope  increased  considerably. 

It  is  not  possible  that  a  velocity  should  be  maintained  indefinitely 
by  momentum  upon  a  slope  which  could  not  originate  such  a  velocity. 
The  resistance,  B,  whether  the  stream  be  in  equilibrium  or  not,  is  pro- 
portional to  plv2;  in  other  words  it  is  the  same  for  a  given  rubbing 
surface  and  a  given  velocity,  irrespective  of  slope.  The  resistance 
will  therefore  be  as  great  for  a  small  slope  as  for  a  great  one,  provided 
the  velocity  be  the  same.  The  acceleration,  other  things  being- 
equal,  is  dependent  on  the  slope.  Therefore,  under  the  supposed  cir- 
cumstances, there  would  be  an  acceleration  which  is  less  than  the 
resistance,  which  would  throw  the  stream  out  of  equilibrium  and  cause 
a  rise,  contrary  to  the  hypothesis.  If  the  slope  be  too  small  to  origi- 
nate such  a  velocity  as  may  be  prevailing  at  any  place,  the  resistance 
will  gradually  overcome  it  and  lessen  it. 

The  fact  that  a  greater  coefficient  is  required  in  the  lower  reaches 
of  the  river,  where  the  slope  is  flatter,  may  be  explained  by  admitting 
that  the  slope  in  this  part  of  the  valley  is  itself  sufficient  to  confer  and 
maintain  the  requisite  velocity,  under  the  favorable  circumstances  ex- 
isting there,  and  that  the  coefficient  of  150  or  more  required  there  is 
the  normal  coefficient  for  that  form  of  section  and  trace  of  bed.  In  the 
upper  reaches,  where  the  conditions  are  very  unfavorable,  the  velocity 
is  reduced  by  shocks,  bends  and  other  circumstances  which  do  not 
enter  the  formula,  and  the  coefficient  is  less. 

The  distribution  of  the  local  slope  in  a  transverse  sense  is  shown 
by  the  published  notes  of  the  Helena  discharge  of  March  20th,  1885.* 
Table  No.  Ill  shows  the  partial  areas,  the  observed  velocity  for  each 
area,  the  partial  discharges  and  partial  mean  depths.  It  shows  also 
the  partial  coefficients,  obtained  by  the  application  of  the  formula 
v  =  c  \/  r  s  to  each  partial  area.  For  this  purpose  the  slope  will  be 
assumed  the  same  for  all,  being  that  actually  prevailing  on  that  day, 
as  estimated  from  the  nearest  gauge  station,  Mhoon's  Landing,  29.2 
miles  above.  If,  instead,  the  slope  is  taken  from  Helena  to  St.  Louis 
Landing,  43  miles  below,  the  only  essential  difference  will  be  that  the 
coefficients  will  be  greater,  but  they  will  bear  the  same  relation  among 
themselves.     The  assumption  that  the  slope  is  the  same  in  all  parts  of 

*  "Report  of  the  Mississippi  River  Commission  for  1887,"  p.  2825. 
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the  oroBs-seotioxi  is  more  likely  to  be  true  ;it  a  medium  stage,  like  thai 
presented  in  the  example,  than  al  a  very  high  stage;  yet  it  is  not  at  all 
correct  even  here,  as  will  presently  appear.  In  the  table  the  areas  are 
200  ft.  wide,  except  at  the  ends,  where  they  are  2G1  and  120  ft.  respect- 
ively. They  are  measured  between  half-stations,  the  velocities  being 
taken  at  the  whole  stations,  given  in  the  table.  Thus,  the  first  area 
extends  from  Station  J  to  Station  1$,  plus  61  ft.,  etc.  Areas  are 
placed  opposite  the  velocity  stations,  which  are  in  their  middle. 

TABLE  No.  III.— Helena  Discharge,  March  20th,  1885. 


Station. 

Partial  area. 
Square  feet. 

Velocity. 
Feet  per 
second. 

Partial  dis- 
charge. Cubic 
feet  per  second. 

Partial  mean 
depth.  Feet. 

Partial  coeffi- 
cient. 

1 

9  084 

12  415 

11  945 

10  637 

10  090 

9  570 

9  420 

8  598 

7  720 

6  982 

6  140 

5  570 

5  065 

4  940 

4  890 

4  978 

4  940 

4  815 

4  902 

5  045 
5  320 
5  343 
4  875 
1461 

3.51 
4.30 
4  97 
4.86 
5.00 
5.10 
5.12 
5.05 
6.01 
5.32 
5.26 
5.13 
4.22 
4.30 
3.72 
4.14 
3.88 
3.82 
3.80 
3.50 
3.19 
3.05 
2.95 
1.54 

31  885 
53  385 
59  367 
51  696 
50  450 
48  807 
48  230 
43  420 
46  397 
37  144 

32  296 
28  574 
21  374 
21  242 

18  191 
20  609 

19  167 
18  393 
18  628 
17  658 
16  971 
16  296 
14  116 

2  250 

34.8 
62.1 
59.7 
53  2 
50.4 
47.9 
47.1 
43.0 
38.6 
34.9 
30.7 
27.8 
25.3 
24.7 
24.5 
24.9 
24.7 
24.1 
24.5 
25.2 
26.6 
26.7 
23.9 
11.6 

64 

2 

58 

3 

69 

4 

71 

5 

75 

6 

79 

7 

80 

8 

82 

9 

104 

10 

96 

11 

102 

12 

104 

13 

90 

14 

91 

15 

16 

93 

80 

17 

84 

18 

83 

19 

82 

20 

75 

21 

66 

22 

63 

23 

64 

24 

48 

Total  area,  164  655  sq.ft.;  velocity,  4.473  ft.  per  second;  discharge,  736  546  cu.  ft.  per 
second;  mean  depth,  34.4  ft.;  coefficient,  81.64. 

From  this  table  it  is  apparent  that  the  coefficient  increases  very 
regularly,  excepting  one  or  two  discordant  observations,  to  the  middle 
of  the  river,  and  then  decreases,  not  quite  so  regularly,  to  the  other 
bank.  It  seems  to  bear  no  relation  whatever  to  the  depth,  and  but 
little  to  the  velocity.  The  coefficient  at  3.5  ft.  per  second  is  the  same 
as  at  5  ft.  It  is  probable,  then,  that  the  increase  of  the  coefficient  toward 
the  middle  of  the  stream  depends  on  local  slope.  There  is  a  "  cross- 
ing "  just  below  Helena,  that  is,  a  place  where  the  current  leaves  one 
bank  and  crosses  over  to  the  other.  It  is  well  known  that  at  such 
places  there  is  often  a  great  difference  of  elevation  of  the  water  surface 
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on  the  two  sides,  amounting,  as  has  already  been  explained,  to  a  con- 
siderable fraction  of  a  foot,  or  even  to  a  foot.  It  is  probable  that 
such  a  condition  existed  at  this  point,  the  thread  of  the  current  having 
a  slope  greatly  in  excess  of  the  general  slope  of  the  river  in  this 
vicinity.  Such  instances  are  common,  and  mention  has  been  made  of 
other  parallel  cases. 

Resistance  at  the  Surface. — The  formula  of  Humphreys  and  Abbot 
differs  from  all  the  rest  in  substituting  for  the  hydraulic  mean  depth 
or  hydraulic  radius  a  "mean  radius  prime,"  obtained  by  dividing  the 
area  of  the  cross  section  by  the  wetted  perimeter  plus  the  width. 
This  was  because  they  found  at  the  surface  a  resistance  analogous  to 
that  experienced  at  the  surface  of  contact  between  the  water  and  the 
sides  of  the  channel. 

If  the  velocity  in  rivers  were  affected  only  by  the  friction  of  the 
bed,  it  is  evident  that  in  a  straight  and  symmetrical  channel  the  swift- 
est current  would  always  be  found  in  the  parts  most  remote  from  the 
banks  on  one  hand  and  from  the  bottom  on  the  other.  If  the  course 
of  the  stream  were  crooked  and  its  cross-section  unsymmetrical,  the 
place  of  maximum  velocity  would  no  longer  be  in  the  middle,  but  it 
would  still  be  at  the  surface.  But  it  has  long  been  known  that  the 
greatest  current  is  not  always  or  generally  found  in  this  situation.  It 
is  evident,  then,  that  there  is  a  force  other  than  the  friction  of  the  bed 
which  is  at  work,  and  this  force  exercises  a  retarding  effect  upon  the 
water  at  the  surface. 

It  is  sometimes  supposed  and  asserted  that  Humphreys  and 
Abbot  ascribed  this  retardation  to  friction  against  the  air.  This  is 
altogether  erroneous.  They  did  indeed  consider  the  resistance  of  the 
air  as  partly  the  cause  of  the  retardation,  but  not  wholly  or  mainly. 
The  retardation  was  attributed  by  them  principally  "  to  the  loss  of 
living  force  arising  from  upward  currents  or  transmitted  motion  occa- 
sioned by  irregularities  of  the  bottom.  This  loss  is  greater  at  the  sur- 
face than  near  it."*     So  again: 

"Enough  has  now  been  learned  to  justify  the  remark  that  the  resist- 
ance at  the  surface  in  calm  weather  can  be  only  partly  due  to  the  fric- 
tion against  the  air;  otherwise  a  down-stream  wind,  moving  with  equal 
velocity  with  the  water,  must  reduce  it  to  zero  and  raise  the  axis  to  the 
surface — a  result  contrary  to  the  observations.  It  occasions  no  sur- 
prise, to  one  familiar  to  the  boils  and  whirls  of  the  Mississippi,  that 

*  "  Report  on  the  Physics  and  Hydraulics  of  the  Mississippi  River,"  p.  302. 
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t  hey  should  cause  a  greal  Loss  of  Living  force  al  the  surf  aoe,  and  conse- 
quent ly  a  greal  retardation  of  the  Burfaoe  current."* 

The  views  thus  advocated  are  substantially  the  same  as  those  put 
forth  afterwards  by  Professor  James  Thomson  :f 

"He  points  out  that  portions  of  -water,  with  a  diminished  velocity 
from  retardation  by  the  sides  or  bottom,  are  thrown  off  in  eddying 
masses  and  mingle  with  the  rest  of  the  stream.  These  eddying 
masses  modify  the  velocity  in  all  parts  of  the  stream,  but  have  their 
greatest  influence  at  the  free  surface.  Reaching  the  free  surface  they 
spread  out  and  remain  there,  mingling  with  the  water  at  that  level  and 
diminishing  the  velocity  which  would  otherwise  be  found  there." 

It  is  a  particular  case  of  the  reasoning  previously  quoted  from 
Boussinesq. 

All  that  was. claimed  by  the  famous  American  investigators  was*  that 
there  was  a  retarding  force  of  some  sort  at  the  surface,  and  "that  this 
resistance,  whatever  its  cause  may  be,  is  of  the  same  order  or  nature  as 
that  at  the  bottom  and  sides  of  the  channel,  since  the  law  of  trans- 
mission through  the  fluid  is  the  same  in  each  case."  That  is,  they  held 
that  the  film  of  water  next  the  air  moved  more  slowly  than  the  layers 
adjacent  to  it  below,  and  hence  exerted  a  retarding  influence  on  them, 
and  through  them  on  the  whole  mass.  The  error  they  made  was  in 
attributing  to  this  resistance  the  same  importance  as  to  the  resistance 
of  the  bed,  whereas  it  is  not  one-tenth  of  the  latter.  This  error  is 
not  of  great  consequence.  If  there  were  absolutely  no  resistance  at 
the  surface,  and  the  expression  p,  in  the  equations,  for  the  wetted 
perimeter,  were  arbitrarily  taken  at  double  its  real  value,  the  area,  a, 
remaining  the  same,  it  is  obvious  that  the  only  effect  on  the  resulting 
formula  would  be  to  reduce  the  value  of  the  mean  depth  by  one-half, 
and  hence  to  increase  the  coefficient  c. 

Local  Formulas. — In  the  face  of  these  objections  it  would  seem  to 
be  extremely  difficult  to  arrive  at  a  general  formula  adapted  to  chan- 
nels of  all  sizes  and  conditions.  It  is  very  difficult  to  devise  even  a 
formula  which  shall  be  suited  to  large  rivers,  or  to  an  individual 
river  like  the  Mississippi,  at  all  slopes,  places  and  stages.  But  there 
is  a  chance  of  success  in  the  search  for  local  formulas,  adapted  to 
particular  places  and  perhaps  particular  stages. 

*  "Report  on  the  Physics  aud  Hydraulics  of  the  Mississippi  Kiver,"  p.  271,  note. 

t  "  Encyclopaedia  Britannica,"  Vol.  XII,  p.  497. 

%  "Report  on  the  Physics  and  Hydraulics  of  the  Mississippi  River,"  p.  317. 
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General  Considerations. 

Some  general  considerations  may  be  premised. 

Nature  of  the  Resisting  Force. — The  resisting  force,  if  it  be  not  in 
the  shape  of  friction,  is  in  the  shape  of  work.  Now,  the  resistance  of 
a  rough  bank  and  bottom,  so  far  as  it  is  not  purely  frictional,  is  merely 
the  interposition  of  obstacles  to  the  free  flow  of  the  current.  To 
overcome  these  obstacles  requires  work.  It  is  not  unanimously  con- 
ceded that  the  resistance  developed  by  a  stationary  obstacle  to  the 
motion  of  running  water  is  the  same  as  that  presented  by  still  water 
to  the  movement  of  a  solid  body  through  it.  The  preponderance  of 
opinion,  however,  is  very  largely  on  that  side.  The  identity  or  close 
analogy  of  the  two  cases  is  tacitly  conceded  when  the  results  of 
Colonel  Beaufoy's  or  of  Mr.  Froude's  experiments  are  applied  to  the 
case  of  resistance  of  the  banks.  It  is  conceded  whenever  a  current 
meter  is  rated  by  the  usual  method. 

The  resistance  of  a  surface  which  is  perpendicular  to  the  direction 
of  the  current  is  approximately  equal  to  the  weight  of  a  prism  of 
water  whose  base  is  the  surface  and  whose  altitude  is  the  height  due  to 
the  velocity.  The  resistance  of  a  surface  which  is  inclined  to  the  cur- 
rent is  much  less,  according  to  the  degree  of  inclination  and  also 
according  to  the  form  of  the  surface  ;  the  coefficient  of  difference  vary- 
ing, in  extreme  cases,  from  1  to  0.22.  The  water  presses  on  both 
sides  of  the  surface.  In  ordinary  cases  the  difference  of  pressure  on 
the  upper  and  the  lower  side  of  a  body,  especially  if  it  have  both  its 
faces  inclined  to  the  direction  of  the  current,  is  so  small  that  it  may  be 
neglected.  In  any  event,  the  resistance  is  dependent  on  the  square  of 
the  velocity  and  not  on  any  other  power. 

The  vertical  and  lateral  disturbances  in  the  nature  of  eddies  and 
boils  also  are  work,  as  well  as  all  resistances  except  those  of  pure 
friction  and  viscosity,  and  possibly  the  latter  also,  if  they  be  worthy 
to  be  taken  into  account.  Hence  it  may  be  inferred  that  the  resist- 
ances of  all  kinds  are  functions  of  the  square  of  the  velocity. 

The  velocity  here  mentioned  is  not  the  mean  velocity,  but  is  com- 
posed of  velocities  of  all  possible  magnitudes  between  the  maximum 
and  that  passing  next  the  bottom.  In  the  impossibility  of  finding  any 
formula  which  shall  express  the  relations  between  these  elementary 
quantities  of  work,  and  consequently  of  the  velocities  on  which  they 
depend,  it  is  necessary  to  rely  on  the   mean  velocity  in  hypothetical 
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oases,  <>r  on  partial  velocities  solar  as  they  may  be  ascertainable,  re- 
garded as  moans  for  the  areas  which  they  represenl  ;  trusting  to  cor- 
rection, by  empirical  methods,  of  the  errors  introduced  by  this  unper- 
feci  ion  of  method. 

'That  the  resistance  of  tne  bottom,  other  things  being  equal,  varies 
with  the  extent  of  the  rubbing  surface,  seems  undeniable.  That  it 
varies  in  exact  proportion  to  it,  irrespective  of  shape  or  depth,  cannot 
be  asserted.  Whatever  errors  are  introduced  by  the  assumption  will 
show  themselves  in  the  coefficient. 

Intricacies  of  Slope. — It  seems  to  be  impossible,  with  the  available 
data,  to  unravel  the  intricacies  of  general  and  local  slope,  and  the 
respective  agencies  of  velocity  of  approach  and  of  velocity  due  [to  fall. 
Usually  nothing  is  known  except  the  general  slope.  If  the  exact  local 
slope  were  known  for  every  filament  of  the  surface,  it  is  not  certain 
that  the  investigation  would  be  simpler.  It  is  therefore  necessary  to 
accept  the  general  slope  for  better,  for  worse,  and  make  the  most  of  it. 

It  will  not  be  worth  while  to  attempt  to  find  a  formula  which  shall 
be  adapted  to  places  and  circumstances  of  both  high  and  low  slope, 
for  the  reason  that  there  are  important  modifying  conditions  which 
are  not  cognizable  by  formulas  at  all,  or,  at  least,  by  any  which 
have  ever  been  proposed.  These  conditions  are  the  straightness  or 
easy  curvature  of  the  river,  symmetrical  shape  of  cross-section,  per- 
manency of  channel,  smooth  and  mostly  non-caving  banks,  etc. 
They  prevail  in  the  lower  part  of  the  river  below  Baton  Rouge,  and 
have  a  most  important  effect  in  modifying  the  velocity. 

It  is  easily  seen  that  in  a  straight  and  symmetrical  channel,  the 
banks  and  bottom  of  which  are  composed  of  unusually  tough  and  hard 
material,  the  water  will  acquire  a  velocity  much  in  excess  of  that 
which  will  prevail  in  a  region  full  of  sharp  curves  and  with  friable 
bed.  Very  little  slope  may  be  required  to  confer  a  considerable  veloc- 
ity where  there  are  no  obstructions.  Now,  the  average  curvature  of 
the  river  is  very  nearly  the  same  from  Baton  Rouge  to  Carrollton  as 
from  Natchez  to  Baton  Rouge.  The  curves,  however,  are  generally 
easier,  the  bottom  is  of  harder  material,  the  widths  and  depths  more 
regular.  There  is  not  the  same  alternate  expansion  into  shoals  and 
contraction  into  pools  as  in  the  upper  river.  The  river  carries  for  the 
most  part  only  its  normal  burden  of  silt,  and  its  energy  is  not  dissi- 
pated in  transporting  from  place  to  place  enormous  loads  of  eroded 
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material  beyond  its  ability  to  carry  permanently.  Now,  the  average 
curvature  of  two  portions  of  a  stream  may  be  the  same  -when  the  con- 
formations, as  to  resistance,  are  widely  different.  Thus,  in  the  two 
plans  shown  in  Fig.  14  the  ratio  between  the  shortest  distance,  A  B  or 
D  E.  and  the  distance  by  river  may  be  exactly  the  same  ;  yet  it  is  evi- 
dent that  the  former  trace  will  afford  a  far  greater  resistance  to  the 

-age  of  a  current  than  the  latter.     Below  New  Orleans  the  riv 
almost  straight,  with  the  exception  of  the  "English  Turn." 

The  mere  change  of  direction,  if  gradual,    does  not   interfere  with 
velocity.     Thus  the  planets  move  in  curved  orbits  without  diminution 
of  speed.     It  is  the  impact   against  resistances  that  causes  the  loss  of 
energy,  and  hence  of  velocity  ;  and  this  impact  is  more  or  less  et: 
ive,  according  to  the  angle  of  presentation. 

If  the  course  of  the  river  were  straight,  with  a  slope  even  as  low  as 
0.1  ft.  to  the  mile,  the  velocity  would  be  more  and  more  accelerated 
until  it  might  become  abso- 
lutely destructive  to  a  bed 
composed  of  friable  earth.  In 
such  a  case  it  would  scour  out 
the  bottom,  produce  an  alter- 
nation of  pools  and  shoals, 
and  eventually  bank  erosion 
and  the  formation  of  bends. 
A  bottom  of  more  refractory 
material    would     allow     of     a  fig.  14. 

higher  velocity  without  suffering  any  alteration,  and  might  even 
tolerate  a  current  so  swift  as  to  bring  about  at  that  small  inclina- 
tion a  condition  of  genuine  equilibrium  between  the  accelerating  and 
retarding  forces.  In  other  words,  it  is  perfectly  possible  for  an 
inclination  of  0.1  ft.  to  the  mile  at  Carrollton  to  produce  and  maintain 
as  great  a  velocity,  under  the  circumstances  existing  at  that  point,  as 
for  an  inclination  of  0.4  or  0.5  ft.  at  Columbus  or  Helena  under  the 
peculiar  conditions  that  characterize  the  river  in  those  stretches.  It 
is  true  that  a  part  of  the  difference  of  circumstances  appears  in  the 
ordinary  formulas,  under  the  form  of  mean  depth:  but  only  a  part. 
The  rest  of  the  differences  must  appear,  if  any  of  those  formulas  be 
adopted,  in  the  coefficient.  As  it  is  exceedingly  difficult  to  devise  a 
a  general  expression  for  the  effect   of  the  differences,  it  would  appear 
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easiesl  and   most   satisfactory  to  find  experimentally  a  coefficient  for 
each  place  and  perhaps  a  differenl  coefficient  for  eacli  stage. 

Reduction  by  the  Use  of  Coefficients.  -This  method  is  of  constant  adop- 
tion in  the  practical  application  of  mechanics  or  eves  of  mathemal 
When  the  circumstances  are  so  complicated  us  to  defy  the  powers  of 
analysis,  a  simpler  case  is  assumed,  the  explanation  of  which  is  within 
reach,  and  the  results  of  the  rational  formula  deduced  from  the 
hypothetical  case  arc  compared  with  the  phenomena  shown  by  experi- 
ment. The  two  may  bear  a  relation  which  shall  be  close  enough  to  be 
expressed  by  a  coefficient  which  is  either  constant,  or  variable  accord- 
ing to  a  known  law.  If  a  series  of  i^arabolic  areas  are  to  be  computed 
and  the  method  of  calculating  parabolic  segments  is  not  known,  in 
default  of  better  methods  they  may  be  assumed  to  be  rectangles.  If 
the  contents  of  one  of  the  given  areas  is  measured,  by  dividing  it  into 
partial  areas  or  otherwise,  the  relation  between  it  and  the  correspond- 
ing assumed  area  is  found  to  be  two-thirds,  and  this  expression,  applied 
as  a  coefficient  to  each  of  the  assumed  areas,  will  reduce  it  to  the  cor- 
rect quantity.  Most  often  the  result  is  not  so  satisfactory,  and  fre- 
quently it  is  necessary  to  be  content  with  a  mere  approximation  and 
often  with  a  coefficient  that  varies  according  to  laws  which  are  them- 
selves obscure. 

Causes  of  Disckepancies  in  Actual  Velocities. 

The  great  discrepancies  found  in  the  measurements  of  velocity  are 
principally  due  to  these  four  causes:  (1)  inaccuracy  of  data;  (2)  inap- 
plicability of  formulas;  (3)  changes  of  slope;  (4)  changes  of  cross- 
section;  the  last  class  being  partly  connected  with  the  preceding  or 
third  class. 

The  first  and  second  causes  have  been  sufficiently  discussed. 
Changes  of  slope  are  of  several  kinds.  There  are:  (1)  changes  due  to 
rise  and  fall;  (2)  changes  due  to  stage  of  river;  (3)  changes  due  to 
alteration  of  section  by  scour  and  fill  during  the  season;  (4)  changes 
due  to  permanent  change  of  bed  by  secular  causes. 

The  departures  of  the  discharge  curve  from  the  regular  figure  which 
it  is  generally  expected  to  j>resent  almost  all  exhibit  considerable 
jjersistency,  indicating  the  existence  of  law.  During  the  progress  of  a 
rise  it  was  observed  that  the  curve  uniformly  shows  a  departure  to  the 
right,  indicating  a  decided  increase,  and  as  decided  a  shifting  to  the 
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left  or  lower  side  during  a  fall.  By  comparing  the  curve  of  discharges 
with  the  curve  of  velocities  (see  Plate  VI),  it  will  be  found  that  the 
principal  features  of  the  former  are  faithfully  reproduced  in  the  latter, 
while  the  variations  of  the  area  move  sometimes  in  a  direct  and  some- 
times in  an  inverse  sense. 

Of  the  more  regular  movements  of  the  velocity,  the  greater  part  are 
attributable  to  change  of  slope;  the  rest  mostly  to  change  of  area. 
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Fig.  15. 
/.  Changes  of  Slope. — Each  accession  of  water  from  abcw^e,  at  any 
station,  from  the  main  river  or  from  a  tributary,  causes  an  elevation  of 
the  surface  at  that  station,  the  influence  of  which,  at  first,  is  confined 
to  a  limited  distance.  In  other  words,  the  rise  at  A  is  at  first  absolutely 
imperceptible  at  B.  If  the  freshet  be  sudden  and  the  stations  100  miles 
or  so  apart,  there  may  be  a  rise  of  several  feet  at  the  upper  station 
while  the  lower  is  unaffected.     The  slope,  as  estimated  between   these 
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may  progress  at  a  still  more  rapid  rate,  maj  continue a1  the  same  rate, 
or  may  fall  off.  Sooner  or  Later,  ail  these  alternations  will  take  "place 
in  the  course  of  every  rise.  The  })rocess  which  goes  on  during  the  fall 
is  just  the  reverse  of  this. 

The  movement  of  the  slope  in  rises  and  falls  is  shown  in  Fig.  15. 
taken  from  the  gauge  records  of  1889.  The  points  selected  for  com- 
parison are  White  River  Landing  and  Arkansas  City,  43.9  miles  apart. 
The  first  plot  shows  the  movement  of  the  slope  from  day  to  day,  or 
what  Colonel  Suter  calls  a  sequence  of  slope.  The  second  shows  the 
movement  with  reference  to  the  gauge. 

From  both  plottings  it  will  be  seen  that  in  this  distance  there  is  no 
regular  relation  between  the  height  of  the  river  and  the  slope.  The 
actual  value  of  the  slope  evidently  depends  on  the  suddenness  and 
magnitude  of  the  freshet.  This  particular  slope  is  much  more  liable 
to  disturbance  than  most  others,  as  White  River  Landing  is  just  below 
the  mouth  of  two  large  tributaries,  with  drainage  basins  which  are 
the  recipients  of  a  large  rainfall,  often  very  fitful. 

Effect  of  the  Great  Basins  on  Slope. — At  high  water,  the  fluctuations 
of  slope  are  often  very  great  from  the  disturbing  influence  of  the  great 
basins  in  subtracting  water  from  the  river  at  their  upper  ends  and  re- 
turning it  at  their  lower  ends.  In  former  years  this  influence  was  much 
greater  than  it  is  at  present.  When  the  upper  parts  of  the  Yazoo  and 
Tensas  Basins  and  all  of  the  Saint  Francis  and  White  River  Basins 
were  open,  as  they  were  in  1882,  1883  and  1884,  as  much  as  300  000  or 
400  000  cu.  ft.  per  second  were  suddenly  added  to  the  discharge  at 
Helena,  Vicksburg  and  Red  River  Landing,  raising  the  river  with  great 
rapidity  at  those  points,  greatly  flattening  the  slope  above  them  and 
steej^ening  the  slope  below.  In  1882,  when  the  water  which  escaped 
over  banks  and  through  gaps  and  crevasses  into  the  Yazoo  Basin  re- 
turned at  Vicksburg,  the  river,  which  was  then  falling,  began  to  rise 
rapidly  (0.J5  ft.  per  day);  the  slope  from  Hays's  Landing  to  Vicksburg, 
which  had  been  0.27  ft.  to  the  mile,  dropped  to  0.18  ft.  and  a  less  dis- 
charge passed  Hays's  Landing  at  38.6  ft.  on  the  gauge  than  had  passed 
previously  at  36.4  ft.,  or  than  passed  afterwards  at  34  ft. 

Peculiarity  of  the  White  River  Basin. — With  the  complete  closure  of 
the  Yazoo  and  Tensas  Basins,  and  the  approaching  closure  of  the  other 
two,  these  perturbations  will  be  reduced  to  such  as  are  produced  by  the 
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actual  disoharge  of  the  tributaries,  increased  occasionally  by  the  di 
charge  from  great  orevasses,  should   such  unfortunately  occur.     The 

condition  of  the  White  River  Basin  is  peculiar  in  this  respect,  thai  al 
high  stages  ;i  considerable  pari  of  the  disoharge  of  the  two  greal  tribu- 
taries is  not  poured  directly  into  the  Mississippi  through  the  months 
of  the  White  and  Arkansas  Rivers,  but  overflows  the  l>asin,  Hows 
through  it  parallel  to  the  main  river,  and  is  discharged  along  the  Cy- 
press Creek  levee,  a  few  miles  above  Arkansas  City,  thus  introducing 
a  new  element  of  disturbance  into  the  slope  relations. 

Slope  Arkansas  City- Greenville. — Between  Arkansas  City  and  Green- 
ville there  is  no  disturbing  influence,  unless,  perhaps,  at  high  water  a 
crevasse  might  occur.  The  gauges  are  40  miles  apart.  A  plotting  is 
given  in  Fig.  16  of  the  curve  of  slopes  between  these  stations,  with  the 
gauge  height  at  Arkansas  City  as  the  argument,  for  the  season  of  1884- 
85.  Here  there  is  seen  an  increase  of  slope  with  height  of  river.  The 
slope  is  much  more  regular  than  the  slope  White  River- Arkansas  City. 

Movement  of  Gauges. — The  increase  of  slope  with  gauge  height,  how- 
ever, is  not  a  feature  which  prevails  everywhere.  Indeed  it  cannot  be, 
for  such  a  relation  would  involve  a  progressive  decrease  of  oscillation 
from  the  head  of  the  alluvial  valley  downward,  which  is  not  true. 
The  range  at  Cairo  is  about  1  ft.  less  than  at  Vicksburg,  and  a  little  more 
than  at  Arkansas  City.  The  range  at  Greenville  and  Lake  Providence 
is  some  7  ft.  less  than  at  Cairo,  and  8  ft.  less  than  at  Vicksburg.  The 
gauges  at  Arkansas  City  and  Vicksburg  move  very  nearly  parallel,  so 
that  if  the  slope  Arkansas  City -Lake  Providence  increases  with  a  rising 
river,  the  slope  Lake  Providence-Vicksburg  must  diminish.  Such  in 
fact  is  the  case.  The  following  little  table  shows  the  extremes,  taken 
from  the  high  water  of  1893,  the  highest  recorded  at  Arkansas  City, 
and  the  low  water  of  1894,  the  lowest  ever  known  throughout  this  reach. 
As  there  were  several  crevasses  in  1893,  a  correction  has  been  applied  to 
the  readings  of  the  Greenville,  Lake  Providence  and  Vicksburg  gauges, 
to  deduce  from  them  the  water  level  as  it  would  have  been  if  those 
disturbing  influences  had  not  occurred.  For  comparison,  the  high- 
water  slope  of  1888  is  also  given.     In  that  year  there  were  no  crevasses. 


Slope. 

Low  water,  1894. 

High  water,  1893. 

High  water,  1888. 

Arkansas  City-Greenville 

0.178 
0.332 
0.437 
0.331 

0.340 
0.322 
0.302 
0.319 

0.323 

0.327 

Lake  Providence-Vicksburg 

0.307 

Arkansas  City-Vickfeburg 

0.319 
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In  other  parts  of  the  river  it  is  found,  that  the  same  discrepancy 
prevails,  the  stations  between  Cairo  and  Helena  showing  a  much  less 
oscillation  between  high  and  low  water  than  prevails  at  those  points. 
At  Memphis  it  is  16.2  ft.  less  than  at  Cairo,  and  13.3  ft.  less  than  at 
Helena. 

Greater  Oscillation  at  the  Mouths  of  Tributaries. — It  has  long  been 
known*  that  there  was  a  much  greater  oscillation  of  the  gauges  at  the 
mouths  of  tributaries  than  at  intermediate  stations.  This  is  partly  due 
to  the  greater  discharge  at  the  former  places  during  great  floods.  For 
instance,  at  Cairo,  the  greatest  discharge  that  was  passed  between  banks 
in  1882,  as  reported,  was  about  1  500  000;  at  Fulton,  about  1  250  000; 
at  Memphis,  about  1  250  000;  at  Helena,  about  1  500  000;  at  Arkansas 
City,  about  1  300  000;  at  Greenville,  about  1  200  000;  at  Lake  Provi- 
dence, about  1  000  000;  at  Vicksburg  again,  about  1  500  000.  These 
differences  proceeded  from  loss  of  volume  over  banks  unprotected  by 
levees  and  through  crevasses  in  the  latter,  and  from  the  return  of  the 
water  thus  lost  at  the  foot  of  the  several  basins.  Had  as  great  a  dis- 
charge passed  Memphis  as  passed  Cairo,  the  water  level  at  the  former 
station  might  have  been  4  or  5  ft.  higher.  This,  however,  only  ac- 
counts for  a  part  of  the  discrepancy.  In  1885,  when  there  was  no  over- 
flow, the  oscillation  was,  at  Cairo,  30.7;  at  Fulton,  23.7;  at  Memphis, 
25.1;  at  Helena,  32.7;  at  Arkansas  City,  34.9;  at  Greenville,  29.7;  at 
Lake  Providence,  29.1;  at  Vicksburg,  37.5.  The  greater  oscillation  at 
Helena,  Arkansas  City  and  Vicksburg  than  at  Cairo  is  partly  explained 
by  the  greater  volume  of  water  which  passed  at  those  points  by  the 
accession  of  tributaries,  growing  continually  larger  as  progress  is  made 
down  stream,  and  sometimes  reduced  to  almost  nothing  when  the 
tributaries  were  very  low;  but  the  difference  between  Arkansas  City 
and  Greenville  or  Lake  Providence,  or  the  difference  between  Cairo 
and  Fulton,  cannot  be  thus  explained.  As  has  been  shown  in  the 
"Report  of  the  Mississippi  River  Commission  for  1884, "f  the  differ- 
ence seems  here  to  be  in  the  low- water  mark;  it  is  in  the  extreme  fall 
and  not  in  the  extreme  rise. 

The  proximate  cause  of  the  less  oscillation  of  the  river  at  interme- 
diate stations  is  the  profile  of  the  river-bed,  which  is  convex  between 
the  mouths  of  tributaries.     Now  the  low-water  slope  conforms  to  the 

*  "  Report  of  the  Mississippi  River  Coratnission  for  1884,"  p.  2550. 
t  p. 2550. 
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Bhape  of  the  bed  much  re  closely  than  does  the  high-water  slope. 

The  former,  then,  is  flattened  in  the  reaches  between  the  month 
tributaries  and  the  intermediate  stations,  involving  as  an  immediate 

consequence  a  deorease  of  velocities  at  these  points  and  an  increase  of 
cross-section  at  low  water.  The  data  for  the  comparison  are  scanty, 
for  not  many  low-water  discharges  have  been  taken.  At  Helena,  in 
1891,  the  extreme  range  of  recorded  velocities  was  from  6.47  to  2.24. 
At  Fulton  no  extreme  high-water  discharge  was  taken.  The  highest 
recorded  velocity  was  7.01;  the  low-water  velocity  was  as  small  as  1.51. 
At  Memphis,  the  velocity  varied  from  8.65  to  1.40;  at  Wilson's  Point, 
from  5.83  to  1.84;  at  Red  River  Landing,  from  5.24  to  2.63. 

The  most  striking  example  of  a  small  oscillation  is  afforded  by 
Carrollton,  which  is  a  suburb  of  New  Orleans,  situated  at  its  upper 
limit.  Here  the  extreme  oscillation  is  only  about  17.4  ft.  The 
high-water  velocity  is  usually  something  more  than  6  ft.  Very  few 
low-water  observations  have  been  taken  at  Carrollton;  but  in  1891, 
the  lowest  velocity  must  have  very  little  exceeded  1  ft.  per  second. 
The  water  area  generally  varies  from  about  190  000  at  high  water  to 
140  000  at  low.  In  1884-85,  its  extreme  limits  were  185  072  and  148  437; 
the  velocity  varying  from  6.16  to  1.61.  At  Helena,  during  the  same 
season,  the  areas  ranged  from  206  060  to  53  448,  and  the  velocities  from 
4. 96  to  2.82.  Thus  the  discharge  is  passed  at  the  lower  station  with  a 
much  less  difference  of  cross-section  between  high  and  low  water,  and 
consequently  with  a  much  less  oscillation  in  height.  In  the  above  in- 
stance the  range  of  the  gauge  at  Helena  was  from  40.62  to  7.17  =  33.45 
ft.;  at  Carrollton,  from  13.54  to  0.34  =  13.20  ft.  The  comparison  is 
still  more  striking  if  the  case  of  Red  River  Landing  is  taken,  only  192 
miles  above  Carrollton,  and  with  exactly  the  same  discharge.  In 
1884-85,  the  areas  at  Red  River  Landing  ranged  from  236  688  to 
97  589,  and  the  velocities  from  5.08  to  2.25.  The  oscillation  was 
34.58. 

It  has  been  shown  that  the  slope  from  Arkansas  City  to  Green- 
ville varies  from  0.178  at  low  water  to  0.340  at  high.  On  the  other 
hand,  the  slope  from  White  River  to  Arkansas  City  at  low  water  is 
0.378;  at  high  water  0.269  ft.  to  the  mile.  Thus,  at  Greenville  the 
conditions  are  favorable  to  a  comparatively  low  velocity  at  low  water 
and  a  high  velocity  at  high  water,  while  at  Arkansas  City  the  tendency 
is  in  the  opposite  direction. 
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The  Beds  of  Sedimentary  Streams  Self-Regulating. — The  phenomenon 
of  the  convexity  of  the  river-bed  between  tributaries  is  so  general 
that  it  assumes  the  proportions  of  a  law,  and  it  demands  an  explana- 
tion. A  plausible  one  is  found,  in  the  alluvial  part  of  the  river,  in 
the  effects  of  the  variations  of  discharge  alluded  to  above.  It  is 
regarded  as  a  well  established  fact  that  the  bed  of  a  sedimentary  river 
regulates  itself  according  to  the  quantity  of  water  it  has  to  carry. 
Xow,  at  the  mouths  of  tributaries  the  discharge  is  much  greater  than 
at  the  intermediate  points.  The  great  volume  here  poured  in  has 
scoured  out  a  suitable  channel  for  itself,  which  has  been  gradually 
contracted  down  stream  by  the  continual  loss  of  water  in  floods  over 
the  banks.  In  the  case  of  the  Mississippi,  the  discharge  of  the  tribu- 
taries has  been  greatly  augmented,  sometimes  doubled,  trebled  or 
quadrupled,  by  the  return  flow  from  the  great  basins.  Usually,  the 
tributary  which  drains  the  basin  is  the  principal  channel  through 
which  the  overflow  water  returns  to  the  main  stream,  as  in  the  cases  of 
the  Saint  Francis  and  the  Yazoo  Rivers.  The  White  and  Arkansas 
Rivers,  as  has  been  noted,  form  an  exception  to  this  rule. 

Causes  of  Contraction  of  Bed  by  Loss  of  Volume. — It  is  not  necessary 
to  discuss  in  detail  in  this  place  the  process  by  which  the  bed  is  con- 
tracted by  the  loss  of  volume  of  water.  In  brief,  the  contraction  is 
due  to  the  slackening  of  velocity  brought  about  by  the  disproportion- 
ate reduction  of  area  in  comparison  with  wetted  perimeter,  or  in  short 

by  a  diminution  of  mean  depth.     In  the  equation  r  =  — ,  a  is  reduced 

more  than  p.  A  decrease  of  gauge  height  of  8  ft.  means  a  reduction  of 
wetted  perimeter  of  only  16  ft.,  or  0.004,  but  of  area  of  32  000  sq.  ft.,  or 
0.133  of  the  whole.  No  doubt  also  some  consequence  is  to  be  attached 
to  the  deflection  of  the  thread  of  the  current  by  reason  of  the  lateral 
draught,  though  the  degree  of  importance  to  be  attached  to  this  in- 
fluence is  still  a  matter  of  controversy. 

The  oscillations  of  slope  due  to  stage  must  not  be  confounded 
with  those  caused  by  rise  and  fall.  The  latter  are  temporary  dis- 
turbances of  the  ordinary  relations,  and  may  occur  at  any  time. 
The  former  are  of  a  permanent  nature,  and  while  not  perfectly 
regular  in  their  movements,  yet.  when  dissociated  from  the  perturba- 
tions of  rises  and  falls,  they  exhibit  a  general  law  of  direct  or  inverse 
progression  relatively  to  the  stage.     This  progression  can  be  exam- 
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int'<l  in  the  babies  of  discharges  which   have  been  selected  for  discus- 

siOD,  and  in  t  lie  plotl  ings. 

The  table  given  on  page  420  may  be  extended  as  follows,  from  the 
observations  of  1891.  This  year  was  selected  because  it  was  qoI  b 
vear  of  verv  great  flood  nor  therefore  of  great  disturbance  of  high- 
water  conditions,  and  also  because  it  was  a  year  of  very  low  water. 


Slope. 

Low-Water  Slope,  1891. 

High- Water  Slope,  1891 

Cairo-Columbus 

0.196 
0.219 
0.521 
0.362 
0.482 
0.439 
0.547 
0.295 
0.375 
0.378 

0  310 

0.341 

New  Madrid  Cottonwood  Point 

0.476 

0.422 
0.432 

Memphis-Mhoon's  Landing 

0.486 

0.328 

Hele  i  a-Sunflower  Lauding 

0.405 

Sunflower-Mouth  of  White  River 

0.277 

0.269 

As  lias  been  stated,  these  movements  are  not  at  all  regular.  Some- 
times, at  lowr  water,  the  slope  White  River-Arkansas  City  will  be  less 
than  at  high,  as  in  1884-85  and  in  1889.  At  all  times  considerable 
perturbations  are  likely  to  occur  ^ 
in  the  transitions  from  stage  to 
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stage,  from  changes  of  cross-sec- 
tion, etc. 

Secular  Changes  of  Slope. — Be- 
side these  temporary  or  jjeriodic 
changes  of  slope  there  are  others    « 
that  may  be  called  secular,  requir-    o 

20 

ing  a  considerable  time  for  their 
development,  and  of  a  permanent 
character.  They  are  probably  in- 
timately connected  with  changes 
of  the  bed.  Observations  on  the 
Mississippi  have  been  conducted 
for  too  short  a  time  to  afford  grounds  for  any  accurate  conclusions  as  to 
the  effect  of  long-continued  causes,  enduring  for  a  series  of  years,  on  the 
regimen  of  the  river.  It  is  probable,  however,  that  the  slope  relations 
between  different  points  have  been  materially  modified  since  the  be- 
ginning of  the  observations.  A  sketch  is  given  in  Fig.  17,  showing 
the  slope  Arkansas  City-Greenville,  plotted  to  gauge,  for   the  years 


Fig. 11 
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1884-85,  1891,  1892  and  1893,  on  the  assumption  that  the  distance 
between  the  two  points  remained  constant.  In  order  to  eliminate  the 
effect  of  rises  and  falls,  the  slopes  have  been  taken  only  at  times  wrhen 
the  river  was  stationary,  or  at  the  culmination  of  a  rise  or  the  lowest 
point  of  a  fall.  It  is  to  be  observed  that  in  many  instances  the  change 
was  so  rapid  that  it  is  by  no  means  certain  that  the  exact  slope  at  such 
times  was  ascertained.  The  observations  are  taken  but  once  a  day 
and  generally  to  the  nearest  tenth  of  a  foot,  and  on  successive  days  the 
slopes  are  sometimes  found  to  vary  by  0.01  ft.  to  the  mile,  or  0.000002 
of  the  distance. 

Changes  of  Slope  between  Arkansas  City  and  Vicksburg. — It  would  ap- 
pear by  an  inspection  of  Fig.  17  that  the  slope  Arkansas  City-Greenville 
had  increased  materially  in  eight  years,  and  by  a  steady  progression 
applying  as  well  to  the  low  as  the  high  stages.  This  phenomenon 
may  indicate  an  enlargement  of  the  cross-section  at  Greenville.  It 
must  be  remembered,  however,  that  the  length  of  the  river  is  perpetu- 
ally changing.  Accurate  data  as  to  the  amount  of  the  change  are  not 
forthcoming,  but  it  is  probable  that  the  distance  between  Arkansas 
City  and  Greenville  has  increased  since  1882  by  about  2  miles.  If 
this  be  true,  the  slope,  in  this  instance,  has  really  suffered  little  or  no 
alteration. 

77.  Changes  of  Area. — The  changes  which  the  area  undergoes  are  at 
least  of  three  kinds.  One  is  the  daily  alteration  caused  by  the  passage 
of  sand  waves,  the  caving  of  banks,  and  generally  by  incidents  wirich 
may  be  considered  of  a  temporary  and  fortuitous  nature.  Another  is 
the  grand  annual  periodic  change  due  to  the  transition  from  high  to 
low  water  or  the  reverse,  whereby  material  is  transferred  from  bar  to 
pool,  or  from  pool  to  bar,  the  general  or  mean  bed  of  the  river  suffering 
no  change.  A  third  embraces  changes  which  are  permanent  or  of  long 
period,  such  as  those  just  alluded  to. 

Rapid  Fluctuations  of  Area. — The  daily  fluctuations  of  the  area  are 
sometimes  extremely  violent.  At  Arkansas  City,  in  1885,  a  scour  of  11  000 
ft.  in  two  days  and  of  14  000  ft.  in  three  days  is  recorded,  followed  by 
a  fill  in  the  next  two  days  of  8  000  ft.  Changes  of  5  000  or  6  000  ft.  in 
a  day  are  not  uncommon.  When  it  is  realized  that  a  mistake  in  sound- 
ing of  a  foot  or  two  throughout  the  section  would  produce  such  an 
apparent  result,  there  is  a  natural  feeling  of  incredulity  when  these 
figures   are  read.     The  observers,  however,  who  are  usually  educated 
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and  skilful  engineers,  believe  firmly  in  their  reality.  In  L892  al  Wil- 
Bon'a  Point,  Mr.  Miller  reports,  from  stations  No.  \  to  6,  where  very 
large  boils  existed,  a  till  of  L6  ft.  in  24  hours. 

It  has  already  been  remarked  that  these  changes  of  ana  are  gener- 
ally accompanied  by  a  change  of  velocity,   and  that  this  is  a  strong 
confirmation  of  their  genuineness.     There  is  no  reason  whatever  why 
an  error  in  Bounding   should   have  any  effect  on  the  indications  of  a 
current  meter.     If,  therefore,  a  mistake  were  made  in  the  measurement 
of  a  cross-section,  the  result  would  be  perceptible   in  the  shaj^e  of  an 
increased  or  diminished  discharge.     If  there  be  no  such  result,  but 
the  change  of  area  is  offset  by  a  change  of  velocity  in  the  opposite  di- 
rection, the  presumption  is  in  favor  of  the  reality  of  the  phenomenon. 
Passage  of  Sand   Waves. — A  number  of  very   careful  experiments 
have  been  made  to  determine  the  quantities  of  material  moved  along 
the  bottom,  or  rolled  in  the  form  of  sand  waves,  as  they  are  generally 
called,  and  to  measure  the  height,  shape   and  direction  of  the  waves, 
their  rate  of  travel,  etc. ,  at  Plum  Point,  Lake  Providence  and  Carroll- 
ton  during  the  season  of  1879-1880.     It  would  appear  that  these  move- 
ments are  sometimes  of  great  magnitude,  the  crests  of  the  waves  being 
often  as  high  as  22  ft.,  their  slopes  flat  on  the  upper  side,  and  steep  on 
the  lower.     In  1880,  Arthur  Hider,  M.  Am.  Soc.  C.  E. ,  found  that  at 
high  water,  in  the  shallow  sections,  the  average  height  was  about  13 
ft.,  the  distance  between  crests  about  450  ft.,  the  rate  of  travel  about 
22  ft.  a  day.     In  the  deep  sections,  the  height  of  the  waves  at  high 
water  was  about  7  ft. ;  length,  330  ft. ;  travel,  40  ft.  a  day.      At  lower 
stages  the  waves  are  not  usually  so  high,  the  distances  are  shorter  and 
the  rate  of  travel  slower;  but  the  movements  are  still  of  considerable 
magnitude.     Even  in  very  shallow  water  there  were  found  numberless 
small  sand  waves  1  ft.  or  2  ft.  high  and  less  than  100  ft.  apart.     Now, 
the  passage  of  a  wrave  1  ft.  high  would  make  a  difference  of  area,  in  an 
ordinary  discharge  section,  of  3  000  or  4  000  sq.  ft. 

Changes  of  Area  Dae  to  Alternations  of  Stage.— By  far  the  most  impor- 
tant changes  of  area,  however,  are  those  which  take  place  during  the 
transitions  from  high  to  low  stages  and  the  reverse;  and  it  is  in  these 
changes  that  some  of  the  most  curious  and  characteristic  phenomena 
of  the  river  find  their  explanation. 

Of  the  many  varieties  of  cross-section  found  in  the  Mississippi  as 
well  as  in  other  rivers,  there  are  two  extreme  types,  the  narrow  and 
the  broad,  pertaining  respectively  to  the  pools  and  the  shoals.     At 
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medium  stages  these  do  not  differ  very  much  in  area.  At  low  water  the 
pools  have  much  the  larger  section,  at  high  water  the  bars.  Let  Figs. 
18  and  19  represent  two  such  sections.  At  a  medium  stage  the  two  will 
have  about  an  equal  content,  say,  180  000  sq.  ft.  Now  let  the  depth 
"be  diminished  by  10  ft.  The  width  of  the  broad  section  is  twice  as 
great  as  of  the  narrow.  It  will  therefore  lose,  perhaps,  65  000  sq.  ft. 
of  area,  while  the  narrow  section  loses  only  32  500  sq.  ft.  Will  a  given 
decrease  of  discharge  produce  a  fall  of  equal  amount  at  the  two  sec- 
tions, widely  diverse  in  form  as  they  are?  Experience  shows  that  at 
two  stations,  only  a  few  miles  apart,  the  rate  of  rise  or  fall  is  nearly 
uniform,  irrespective  of  the  shape  of  the  section.  Reasons  will  be 
given  hereafter  why  this  must  be  so. 

Now  the  discharge  that  passes  any  station  does  not  depend  in  the 
least  upon  the  slope,  depth  or  condition  of  the  bed  at  that  place.  It 
depends  solely  upon  the  quantity  of  water  furnished  from  above. 
While  the  supply  continues  the  same,  the  discharge  is  constant.  If, 
then,  the  area  be  increased,  the  velocity  must  be  decreased.  Either 
this,  or  the  water  surface  must  suffer  a  fall  sufficient  to  compensate  the 
increase  of  area.  Experience  shows  that  no  such  fall  occurs,  and  reason 
asserts  that  it  could  not  occur. 
On  January  9th  and  10th.  1885,  \  I  V"  7 

at  Arkansas   City,    a  scour   of    \  /     ^» / 

11  237    ft,    is    recorded.     The     V 
width  of  the  river  was  3  370  ft.         x^_^^ 
If  the  same  velocity  had  been  FlG- 18-  FlG- 19' 

maintained  after  the  change  of  area  as  had  existed  before  it,  a  fall 
would  have  occurred  of  3.3  ft.  Instead,  the  rise  which  was  steadily 
progressing  at  the  rate  of  0.5  ft.  per  day  was  only  slightly  disturbed. 
Indeed,  in  a  stretch  of  river  which  has  a  mean  fall  of  only  0.32  ft. 
to  the  mile,  it  is  evident  that  no  serious  change  of  level  can  take  place 
without  disturbing  the  whole  stream.  That  there  was  a  slight  change 
of  level  is  evident  from  an  inspection  of  the  slope  curve  in  Fig.  16, 
where  a  palpable  disturbance  is  shown  at  about  38  ft.  The  change 
was  only  0.1  or  0.2  ft.  This  is  a  striking  proof  of  the  reality  of  the 
fluctuations  of  area. 

It  is  not  possible,  however,  that  the  velocity  should  diminish  while 
the  slope  remains  unaltered  and  the  depth  increases.  The  local  slope 
must  therefore  accommodate  itself  to  the  change  of  depth  and  veloc- 
ity.    A  change  of  slope  of  0.018  ft.  to  the  mile  would  compensate  for 
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an  increase  in  depth  of  3.3  ft.  and  a  decrease  of  velocity  <>f  0.3.  Tins 
change,  of  course,  is  maintained  over  only  a  short  distance. 

So  long  as  the  cross-sections  are  equal,  the  velocities  will  l>e  equal 
also.  As  soon  as  the  wide  cross-section  becomes  less  than  the  narrow, 
the  velocity  of  the  former  will  become  greater  than  that  of  the  Latter, 
and  this  disparity  will  increase  as  long  as  the  downward  movement  of 
the  river  continues.  If  the  bed.  of  the  river  were  unalterable,  the  ulti- 
mate result  would  be  that  the  current  over  the  bars  would  approxi- 
mate to  the  condition  of  a  cascade  or  rapid,  while  that  in  the  pools 
would  be  comparatively  stagnant. 

The  bed  of  the  river,  however,  is  far  from  unalterable;  the  effect  of 
the  increased  velocity  over  the  bars  in  time  of  low  water  is  to  produce 
a  scour,  while  that  of  the  diminished  velocity  in  the  pools  is  to  pro- 
mote a  deposit  of  the  suspended  matter  brought  down  from  the  bar 
above.  During  a  rise,  the  cross-section  over  the  bar  increases  more 
rapidly  than  that  in  the  pool  and  soon  surpasses  it  in  area.  Its  veloc- 
ity then  diminishes  as  compared  with  that  of  the  narrow  section. 
Soon  the  current  in  the  wide  section  becomes  slack,  while  that  of  the 
pool  keeps  increasing  in  rapidity.  The  latter  then  becomes  the  scene 
of  scour,  while  at  the  former  a  fill  is  taking  place.  Hence,  the  well 
known  phenomenon,  which  is  regularly  repeated  every  season,  of  the 
transference  of  enormous  quantities  of  material  from  place  to  place 
with  every  great  change  of  stage.  These  movements  are  of  great  mag- 
nitude, the  datum  cross-section  nearly  always  undergoing  alterations 
in  a  single  season  of  25  000 to  30  000  sq.  ft.* 

Secular  Changes  of  Area. — The  secular  or  permanent  changes  of  area 
have  already  been  alluded  to,  and  Greenville  and  Wilson's  Point  have 
been  cited  as  examples  of  what  seems  a  permanent  enlargement  of 
section.  So  far  as  Greenville  is  concerned,  this  fact  cannot  be  estab- 
lished by  direct  measurement,  for  no  discharge  observations  have  been 
taken  there.  At  Wilson's  Point  there  is  satisfactory  evidence  that  the 
cross-section  has  increased  in  area  since  1890  by  about  30  000  sq.  ft. 
The  greater  part  of  this  enlargement  of  area  has  taken  place  above 
the  low-water  line,  as  Captain  Townsend  has  remarked.!  Whereas  the 
whole  section  has  experienced  the  augmentation  mentioned  above,  the 
low-water  area  seems  to  have  increased  only  about  5  000  sq.  ft. 

*  These  points  are  well  elucidated  in  a  paper  "On  the  Protection  of  the  Lower  Missis- 
sippi Valley  from  Overflow,"  by  J.  B.  Johnson,  M.  Am.  Soc.  C.  E..  in  the  Journal  of  the 
Association  of  Engineering  Societies,  Vol.  Ill,  No.  9. 

t  "  Report  of  Mississippi  River  Commission  for  1893,"  p.  3762. 
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It  would,  perhaps,  be  possible  to  trace  out  the  changes  of  the  river- 
bed in  other  sections  by  a  careful  study  of  the  slopes.  The  data  for 
such  a  study  are  abundant,  and  are  valuable  for  their  continuity  and 
their  accuracy.  They  have  been  accumulating  for  24  years;  they  are 
certain  and  exact  within  very  narrow  limits.  There  is  no  room  for  any 
considerable  error  in  them.  Such  a  study,  however,  would  be  laborious, 
and  the  conclusions  would  have  to  be  freed  carefully  from  perturba- 
tions due  to  other  causes  than  change  of  area.  It  is  hardly  likely  that 
it  will  be  undertaken. 

It  is  highly  probable  that  a  series  of  years  of  unusually  high  or 
unusually  low  water  will  leave  its  impress  on  the  bed  of  the  river.  In 
fact,  there  is  good  evidence  that  such  is  the  case. 

Discussion  of  the  Dischakge  Observations  of  1884-85  at  Arkansas 

City. 

With  this  preparation  for  the  investigation,  an  attempt  will  be 
made  to  develop  some  law  of  coefficients  of  the  ordinary  formula,  using 
the  general  slope  and  the  mean  depth.  For  this  purpose  the  discharge 
observations  made  at  Arkansas  City  in  1884-85  will  be  used.*  This 
place  is  selected  because  it  is  situated  at  the  head  of  a  reach  wholly 
confined  by  levees,  and  below  the  confluence  of  the  two  greatest 
tributaries  of  the  lower  Mississippi;  and  because  there  is  a  station  93 
miles  below,  "Wilson's  Point,  where  discharges  have  also  been  taken  for 
several  years,  thus  affording  a  valuable  check  on  the  measurements 
made  at  the  upper  station.  The  observations  of  1884-85  are  the  first 
ever  taken  at  Arkansas  City.  In  the  discussion  by  Mr.  Wheeler,  several 
sources  of  error  are  pointed  out.  Prior  to  October  12th  observations 
were  made  with  the  meter  at  not  more  than  12  ft.  below  the  surface. 
No  corrections  have  been  applied  to  reduce  them  to  mean  velocity.  It 
will  be  seen  that  the  coefficients  deduced  from  them  are  much  too 
great.  Subsequently  to  October  12th  velocities  were  taken  at  0.6 
of  the  depth,  and  the  results  accepted  as  the  mean  velocities  in  those 
verticals.  There  is  room  for  error  in  the  areas,  owing  to  large  changes 
in  the  lead-line,  but,  as  it  is  unknown  where  they  occurred,  it  is  useless 
to  attempt  to  correct  them. 

Table  No.  IV  contains  the  principal  data  of  the  discharge  observa- 
tions of  1884-85,  together  with  the  slope,  as  estimated  from  the  gauge 
records,  from  Arkansas   City  to  Greenville,   the  theoretical  velocity 

*  "  Report  of  the  Mississippi  River  Commission  for  1887,"  pp.  2835-40, 
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according  to  the  formula  v  =  100  \/rs,  and  the  coefficients  required  to 
bring  the  expression  yrs  to  the  velocity  us  observed. 

Curve  of  Coefficients. — The  principal  object  of  the  investigation  L8  to 
arrive  {at  the  relation  between  discharge  and  gauge  height.  It  is 
e\  ident  from  a  casual  inspection  of  the  table  that  the  coefficients,  on 
the  whole,  increase  as  the  river  rises  and  diminish  as  it  falls.  To 
develop  the  law  of  this  change,  take  the  gauge  as  an  argument  and 

COEFFICIENTS 


Fig.  20. 

plot  the  coefficients  as  functions,  as  in  Fig.  20.  It  will  be  seen  that 
they  do  not  by  any  means  follow  a  regular  law  of  progression  with 
the  gauge,  but  that  the  curve  which  they  describe  is  an  irregular  oval, 
the  greater  values  of  the  coefficients  corresponding,  on  the  whole,  to 
the  ascending  branch,  representing  a  rising  river,  and  the  less  values 
to  a  falling  river.      This  general   law  is  subject,    however,    to    some 
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remarkable  exceptions,  there  being  violent  departures  from  the  curve, 
sometimes  followed  by  as  sudden  returns.  If  the  table  of  data  is 
examined,  it  will  be  found  that  these,  for  the  most  part,  as  might 
have  been  expected,  are  contemporaneous  with  changes  of  area  in 
the  opposite  direction.  A  further  examination  will  reveal  the  fact 
that  the  two  branches  of  the  curve  themselves,  the  ascending  and  the 
descending,  also  represent  less  and  greater  areas  respectively. 

Arkansas  City  has  a  narrow  and  deep  section;  in  short,  the  river 
there  is  a  pool,  and  in  accordance  with  the  general  law  the  cross-section 
undergoes  enlargement  by  scour  with  a  rise,  and  contraction  by  fill 
with  a  fall.  Now,  if  the  controlling  section  of  a  river,  whatever  that 
be,  remained  unaltered,  every  change  in  the  area  at  Arkansas  City 
would  be  exactly  compensated  by  an  inverse  change  of  velocity.  The 
discharge,  indeed,  would  not  always  be  the  same  for  the  same  gauge 
height,  for  the  velocity  would  still  be  affected  by  the  changes  of  slope 
due  to  rises  and  falls;  but  the  coefficients,  which  take  cognizance  of  the 
changes  of  slope,  would  follow  a  regular  law,  subject  to  small  pertur- 
bations. 

On  the  other  hand,  a  persistence  of  datum  area  at  any  station,  while 
the  adjacent  reaches,  above  or  below  or  both,  are  undergoing  mutation, 
will  produce  a  change  of  velocity  at  the  station,  even  though  the 
general  slope  and  mean  depth  remain  the  same;  or  if  the  latter  elements 
also  vary,  as  they  usually  do,  then  the  change  of  velocity  will  be  out 
of  all  proportion  to  the  variation  in  those  elements;  or,  in  other  words, 
the  coefficient  will  show  a  marked  departure  from  its  ordinary  rate  of 
increase  or  decrease.  The  same  effect  will  follow  in  a  less  degree  if 
the  areas  do  not  remain  absolutely  persistent,  but  fail  to  respond  at 
once  to  the  altered  conditions  elsewhere.  A  very  striking  exemplifi- 
cation of  this  statement  is  afforded  by  the  high-water  discharge  of 
1890  at  Wilson's  Point,  of  which  a  plotting  is  given  in  Fig.  12,  pre- 
viously referred  to.  It  will  be  seen  that  the  coefficient  varied,  from 
January  28th  to  March  13th,  from  146  to  97,  the  river  steadily  rising. 
The  movement  of  the  coefficient,  on  the  whole,  was  tolerably  regular. 
Observing  now  the  datum  areas,  it  will  be  found  that  they  increased 
steadily  from  about  159  000  to  193  000  during  the  same  time,  and  re- 
mained at  about  that  figure  till  the  close  of  the  observations.  The 
inference  is  irresistible  that  here  is  the  true  explanation  of  this 
phenomenon;  and  it  shows  the  futility  of  attempting  to  apply  formulas 
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based  on  general  conditions  to  bhe  particular  oircnmstances  existing 
at  any  one  place,  without  a  knowledge  oi  those  circumstances  ami  a 
oarefnl  scrutiny  of  the  disturbing  causes  which  they  introduce. 
It  is  not  necessary  bo  assume  any  alteration  in  the  controlling 

tion  to  account  for  the  increased  velocity  at  the  discharge  station. 
The  latter,  as  at  Arkansas  City,  and  as  is  generally  the  case,  i^  a 
narrow  sectiou,  much  less  than  the  average  of  the  river,  and  the  rapid 
rise  had  poured  down  a  flood,  which  increased  faster  than  the  con- 
tracted section  at  Wilson's  Point  could  accommodate  it  at  the  usual 
velocity.  Hence  the  latter  had  to  be  increased,  which  event  happened, 
no  doubt,  by  steepening  the  local  slope,  though  the  movement  was 
attended  by  so  slight  a  disturbance  of  the  water  level  that  it  made 
little  or  no  impression  on  the  general  slope.  The  velocity  of  7  ft.  per 
second  or  more  that  was  attained  rapidly  produced  a  scour,  and,  as  the 
area  enlarged,  the  velocity  fell  by  degrees  to  the  normal. 

An  equally  significant  example  of  the  fallacious  indications  afforded 
by  strictly  local  conditions  is  presented  by  the  Helena  observations  of 
1884-85.  At  this  point  there  were  two  sections,  one  for  high  and 
the  other  for  low  water,  about  0.75  mile  apart.  On  two  days  measure- 
ments were  taken  at  both.  The  general  slope,  of  course,  was  the 
same  for  both  sections.  Yet  at  the  upper  (low  water)  station,  on  a 
given  date,  the  mean  depth  was  19.7,  the  velocity  3.06,  and  the  coeffi- 
cient 71,  while  at  the  lower  the  mean  depth  was  14.1,  the  velocity  3.82, 
and  the  coefficient  105.  On  a  subsequent  date  the  velocities  were  2.85 
and  3.59,  the  coefficients  71  and  95.  On  the  first  day  the  discharges 
measured  at  the  two  sections  differed  by  25  000  cu.  ft. ;  on  the  second 
they  were  almost  identical  in  value. 

Formulas  Give  Too  Low  Velocities  at  Low  Stages. — It  may  here  be 
remarked  that  the  formulas  all  give  too  low  values  for  the  velocity  at 
low  stages,  and  consequently  too  high  values  for  the  coefficients,  and 
those  formulas  which,  like  Weisbach's  and  Kutter's,  give  especial 
prominence  to  the  depth,  err  particularly  in  this  regard.  The  reason 
for  this  error  is  that  they  take  the  general  mean  depth  of  the  section, 
obtained  by  dividing  the  area  by  the  wetted  perimeter,  instead  of 
dividing  the  section  into  partial  areas  and  applying  the  formula  to 
each,  an  error  identical  in  principle  with  that  mentioned  on  page  54, 
whereby  the  mean  velocity  is  confounded  with  the  mean  of  the  mean 
velocities  in  vertical  planes.     The  amount  of  error  thus  introduced 
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will  vary  with  the  shape  of  the  section  and  the  stage  of  water,  being 
greatest  when  the  section  is  compose  J  of  a  deep  and  a  shallow  part,  and 
when  the  latter  is  first  submerged.  In  sections  of  uniform  depth  it  is 
nothing  Generally  it  is  greatest  at  low  stages,  the  variations  of  depth 
being  relatively  less  when  the  river  attains  its  height.  In  the  present 
instance,  at  the  lowest  stage,  7.42  ft.  on  the  gauge,  the  error  is  about 
10% ;  at  20  ft.  it  is  about  8%;  at  the  bank-full  stage  it  is  about  4  per 
cent. 

Fill  at  Low  Stage. — An  inspection  of  Table  IV  will  show  that  the  fill 
progresses  very  steadily  at  low  stages,  the  area  decreasing  from  230  000 
to  203  000.  It  may  be  a  matter  of  surprise  that  at  so  low  a  stage, 
when  the  river  has  so  little  transporting  power,  the  movement  of 
material  should  be  so  considerable  and  so  persistent,  when  at  much 
higher  velocities,  as  from  December  30th  to  January  23d,  it  should 
be  comparatively  insignificant.  It  should  be  remarked,  however,  that 
the  material  which  is  deposited  on  the  bottom  is  not  brought  from 
afar,  but  is,  in  all  probability,  derived  from  the  bar  immediately  above, 
and  that  the  velocity  prevailing  on  that  bar  is  abundantly  sufficient  to 
dislodge  and  transport  considerable  quantities  of  sediment,  the  deposi- 
tion of  which  is  favored  by  the  low  velocity  in  the  pool.  It  is  probable 
also  that  a  good  deal  of  matter  is  rolled  along  the  bottom. 

The  relation  between  transporting  power  and  velocity  is  not  defi- 
nitely known,  and  there  is  some  diversity  in  the  views  of  engineers  on 
the  subject.  It  is  generally  admitted,  however,  that  there  is  a  con- 
nection between  the  two,  and  that  an  increase  of  velocity  is  attended 
by  a  scour,  and  a  diminution  of  velocity  by  a  deposit  of  the  matter 
already  in  suspension. 

Supposition  of  Uniform  Velocity. — Now  suppose  a  stream,  straight 
in  plan  and  of  erodable  bed,  to  be  actuated  by  a  current  which  is  per- 
fectly uniform.  If  the  water  enter  the  head  of  this  stream  already 
loaded  with  all  that  it  can  carry  at  that  velocity,  it  will  take  up  no 
more,  but  will  transport  its  burden  without  accession  or  loss  to  the 
sea.  If  the  course  have  bends  in  it,  the  force  of  the  current  will  be  ex- 
erted mechanically  against  the  banks  presented  at  abrupt  angles,  and 
an  additional  load  will  be  temporarily  taken  up  to  be  deposited  pres- 
ently at  the  reversion  points  of  the  bends.  The  general  result  will  be 
the  same,  that  a  load  will  be  delivered  at  the  mouth  equal  in  quantity 
to  that  carried  at  the  head  of  the  alluvial  basin.     This,  of  course,  on 
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the  supposition  that  the  material  carried  is  homogeneous  with  that  of 
the  bed  and  banks. 

There  will  still  be  a  quantity  of  matter  rolled  along  by  the  current. 
According  to  the  received  ideas,  there  is  always  velocity  enough  pre- 
vailing iu  the  Mississippi  to  move  the  loose  and  finely  divided  material 
which  lines  its  channel.  From  the  wrell-worn  tables  of  Dubuat  it 
would  appear  that  a  mean  velocity  of  less  than  1  ft.  per  second  will 
move  sand  and  even  coarser  substances.  Both  Mr.  Powless  and  Mr. 
Hider  found  the  movements  of  sand  wraves  to  proceed  at  low  water  as 
wrell  as  at  high.  The  movements,  however,  were  more  violent  and  the 
mass  of  material  moved  was  greater  as  the  velocity  increased. 

Scour  or  Fill  Depends  on  Differences  of  Velocity. — It  will  therefore  be 
seen  that  the  scour  or  fill  at  any  station  does  not  depend  on  the  abso- 
lute velocity  at  that  place,  but  on  the  difference  of  velocity  between  it 
and  the  adjacent  station.  If  the  velocity  were  the  same,  no  matter 
how  great,  the  same  quantity  would  leave  the  section  as  entered  it. 
While,  therefore,  there  might  be  a  very  large  movement  of  material 
through  the  section,  measurements  would  not  show  any  permanent 
changes  in  its  dimensions.  There  might  be  considerable  daily  dis- 
turbances, due  to  the  passage  of  sand  waves. 

The  alternation  of  wide  and  narrow  places  is  very  well  exemplified 
at  Arkansas  City.  About  3  miles  above  the  discharge  section,  which  is 
about  3  400  ft.  wide,  is  a  wride  and  shallow  stretch  about  7  750  ft. 
broad.  According  to  the  soundings  of  1882,  at  a  stage  of  42.4  on  the 
Arkansas  City  gauge,  the  area  of  this  section  was  about  233  000  sq.  ft., 
while  that  of  the  narrow  section  just  below  the  town  was  203  700.  If 
the  areas  are  assumed  to  remain  unaltered  by  fill  or  scour,  there  will  be 
found  at  35ft.,  areasof  178  300  andl78  400;  at  30ft.,  139700  and  161  400; 
at  20  ft.,  119  800 and  128  500;  at  7. 4 ft.  (low  water  of  1884-85)  51  600  and 
86  500.  Fig.  21  gives  plots  of  the  two  sections.  It  will  be  observed 
that  at  the  extremely  low  stage,  the  wTide  place  has  contracted  its 
breadth  to  hardly  more  than  half  of  its  former  proportions,  and  has 
become  almost  a  pool  itself.  These  conditions,  of  course,  do  not  con- 
tinue, for  the  small  cross-section  enlarges  and  the  great  one  contracts, 
at  either  stage,  by  the  action  of  the  river. 

There  is  a  time  during  the  rise  and  also  during  the  fall  of  every  flood 
when  the  velocities  in  the  deep  and  in  the  shallow  places  approach  equal- 
ity.    At  such  times  there  should  be  little  general  change  in  the  dimen- 
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sions  of  the  bed.  At  Arkansas  City,  iu  1882,  assuming  the  bed  to  re- 
main as  it  was  when  the  soundings  were  made  for  the  general  map,  at 
a  stage  of  about  35  ft.  on  the  Arkansas  City  gauge,  the  area  in  the  two 
sections  was  about  the  same,  namely,  about  178  400  sq.  ft.,  and  the  ve- 
locity about  4.66.  Under  such  circumstances  the  changes  in  the 
dimensions  of  the  sections  should  be  principally  from  material  rolled 
along  the  bottom. 

The  tendency,  then,  at  each  stage,   is  toward  equalization  of  the 
areas  of  the  wide  and  narrow  sections.     As  soon  as  the  area,  either  on 
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Fig.  21. 
bar  or  in  pool,  becomes  less  than  the  one  adjacent,  its  velocity  relative 
to  the  latter  is  augmented,  and  scour  takes  place,  accompanied  by  fill 
in  the  place  where  the  current  is  slackened.  This  deduction  is  borne 
out  by  the  recorded  data.  A  gradual  fill  in  the  discharge  section  is 
seen  at  stages  below  about  34  or  35  ft.,  and  this  irrespective  of  rise  or 
fall.  There  is  every  reason  to  suppose  that  the  material  for  this  fill  is 
derived  from  scour  of  the  bar  above.  At  stages  above  35  a  ten- 
dency to  scour  is  observed  in  the  discharge  section  ;  not  regular, 
however,  but  fitful.     At  the  extreme  high  water  of  1885,  the  areas  of 
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the  two  sections,  according  to  the  Btirvey  of  lss'i,  should  bo  respect- 
ively  about  227  GOO  and  201  800.  The  mean  of  these  is  about  214  600. 
To  this  limit,  then,  both  areas  would  tend.  Toward  the  climax  of  the 
rise  the  cross-sections  are  found  to  vary  from  about  207  900  to  218  0<><». 
the  areas  being  maintained  for  several  days  above  the  mean,  either 
from  the  passage  of  sand  waves  or  other  accidental  circumstances,  or 
more  probably  because  the  soundings  of  1884-85,  made  at  intervals  of 
50  ft.,  gave  larger  areas  than  those  of  1882,  at  intervals  of  250  or  300. 

At  a  stage  of  50  ft.,  the  two  sections  should  have  areas  of  about 
292  000  and  230000;  mean,  261  000.  In  1893,  the  river  actually  reached 
this  height.  The  datum  area  at  the  discharge  section,  which  had  been 
about  230  000  at  a  stage  of  35,  increased  to  244  000  at  46,  and  then 
rapidly  scoured  out  to  261  000  at  50,  where  it  remained  till  the  close  of 
the  observations. 

Increase  of  Coefficient  with  Gauge  Height.— In  examining  the  curve 
of  coefficients,  they  are  seen  to  increase  with  the  height  of  the  stage, 
and  this  is  generally  understood  to  be  the  law  of  the  progression. 
All  formulas  which  do  not  make  c  a  constant  make  it  increase  with 
either  the  velocity  or  the  mean  depth,  or  both.  Is  this  true  ?  And 
if  so,  why  is  it  true  ? 

First. — The  roughness  of  the  banks  and  bed  cuts  a  somewhat 
greater  figure  at  low  water  than  at  high.  At  a  mean  depth  of  60  or  70 
ft.,  it  makes  comparatively  little  difference  whether  the  sides  of  the 
channel  be  rough  or  smooth.  At  20  ft,,  its  effect  may  be  quite  per- 
ceptible, though  still  small.  According  to  Kutter's  formula,  at  depths 
of  64  and  25  ft.,  there  is  hardly  more  than  1%  difference  in  the  co- 
efficient of  velocity  for  a  considerable  change  in  the  coefficient  of 
roughness. 

Second. — At  some  stations,  such  as  Paducah  and  Helena,  there  is 
an  increased  ratio  between  mean  and  bottom  velocities  at  low  water. 
If  it  be  true,  according  to  the  supposition  of  M.  Dupuit,  previously 
quoted,  that  the  velocity  of  the  formula  is  the  bottom  and  not  the 
mean  velocity,  then  the  more  nearly  these  quantities  approximate,  the 
more  nearly  will  the  formula  give  the  mean  velocity.  Now  the  mean 
velocity  is  always  the  greater.  To  obtain  it  from  the  velocity  of  the 
formula  a  coefficient  will  be  required,  and  this  coefficient  will  be 
greater  as  the  disparity  between  the  mean  and  bottom  velocities  is 
more  considerable.     At  Paducah  the  ratio  between  the  maximum  and 
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bottom  velocities  is,  at  60  ft.  depth,  0.47  ;  at  10  and  below,  0.76.  At 
Helena,  the  same  quantities  are  0.58  and  0.71.  The  ratio  between 
mean  and  bottom  velocities  is  probably,  for  the  mean  of  the  two  sta- 
tions, about  0.60  at  high  water  and  0.80  at  low. 

The  observations  at  the  other  stations  prove  nothing.  At  Colum- 
bus there  were  only  twelve  measurements  taken  below  50  ft. ;  at  Hays's 
Landing  no  bottom  velocities  were  taken  at  all,  and  at  Red  River  the 
record  is  extremely  scanty  and  unsatisfactory. 

■  Third. — The  disparity  between  the  general  and  local  slopes  is 
greatest  at  low  water.  For  obvious  reasons  the  discharges  are  always 
taken  at  narrow  and  deep  sections.  These  become  almost  ponds  at  low 
water,  with  a  great  area  and  a  low  velocity,  accompanied,  of  course,  by 
a  flat  local  slope.  The  computed  or  theoretical  velocity,  obtained 
from  the  general  slope  and  the  local  mean  depth,  is,  therefore,  at 
such  times  excessive,  and  to  reduce  it  to  the  observed  velocity  the  co- 
efficient must  be  made  very  small.  On  the  other  hand,  at  high  water, 
the  local  slope  approximates  to  the  general,  as  has  been  explained. 
In  deep  sections  the  velocity  at  high  water  is  often  three  or  four  times 
as  great  as  at  low,  while  in  the  wider  places  it  is  probably  less  than 
twice  as  much.  On  the  bar  above  Arkansas  City,  in  1884-85,  at  high 
water,  the  mean  velocity  was  probably  about  4.8  ft.,  at  low  water  about 
3.5  ft.  At  the  discharge  section  it  ranged  from  5.3  to  2.3.  At  Helena, 
in  1884,  the  velocity  was  3.59  on  the  wide  section  when  it  was  2.85  on 
the  narrow,  at  extreme  low  water. 

On  the  other  hand,  at  small  depths  in  irregular  sections,  the  coeffi- 
cient may  exhibit  a  considerable  increase,  for  the  reason  formerly  ex- 
plained, namely,  from  the  computation  by  the  whole  section  instead  of 
by  partial  sections. 

Of  these  reasons  the  third  has  far  more  influence  than  all  the  others 
put  together.  It  will  therefore  appear  that  the  increase  in  value  of  the 
coefficient  with  gauge  height  is  not  a  necessary  incident,  but  is  princi- 
pally dependent  on  the  shape  of  the  section.  Of  this,  abundant  con- 
firmation will  be  given. 

Explanation  of  the  Irregularities  of  the  Curve  of  Coefficients.— It  is  now 
possible  to  explain  all  the  vagaries  of  the  curve  of  coefficients.  The 
greater  values  on  a  rising  river  are  due  to  the  smallness  of  the  areas, 
as  in  the  case  of  Wilson's  Point  in  1890.  The  area  cannot  increase 
by  scour  until  the  area  of  the  bar  above  exceeds  it,  and,  hence,  there 
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is  a  disproportionate  augmentation  of  velocity  above  what  would  have 
been  expected  from  theory. 

The  smaller  values  after  the  crest  of  the  rise  has  passed  are  owing 
to  the  fact  that  the  areas  which  have  lately  scoured  out  have  not  yet 
returned  to  their  normal  proportions,  and  hence  the  velocities  are  less 
than  they  should  be.  The  areas  cannot  experience  much  fill  until  the 
cross-section  over  the  bar  has  been  materially  reduced,  a  scour  estab- 
lished there  and  a  considerable  slackening  in  the  pool  below  to  cause 
a  deposit. 

The  remarkable  perturbations  that  are  seen  in  the  upward  branch 
of  the  curve  at  36.5  to  39  ft.  are  due  principally  to  the  violent  fluctua- 
tions in  the  area,  to  which  reference  has  already  been  made,  whereby  a 
scour  of  14  000  sq.  ft.  occurred  in  three  days,  followed  by  a  fill  of  8  000 
sq.  ft. 

The  velocity  on  January  13th  was  undoubtedly  a  good  deal  too  small, 
as  is  evident  from  the  fact  that  the  area  decreased  at  the  same  time, 
giving  a  discharge  probably  60  000  less  than  it  should  have  been.  The 
velocity  on  January  16th  is  probably  considerably  in  excess  of  the  truth, 
as  the  area  shows  very  little  change,  while  the  discharge  is  given  as 
about  60  000  more  than  the  mean  of  the  preceding  and  following  days, 
and  greater  than  on  any  other  day  of  the  season.  The  notes  say: 
"  High  waves." 

In  the  lapse  of  time  between  January  23d  and  30th,  when  no  obser- 
vations were  taken,  owing  to  the  loss  of  the  meter,  a  sudden  and  rajjid 
scour  began,  which  continued  until  February  6th,  when  it  was  suc- 
ceeded by  a  fill.  The  record  shows  a  sudden  decrease  in  the  velocity 
and  in  the  coefficient,  corresponding  to  the  increase  of  area.  A  new 
meter  came  into  use  at  this  time,  and,  unfortunately,  the  observations 
before  and  after  January  31st  cannot  be  compared  with  any  assurance 
of  accuracy.  A  meter  may  be  consistent  with  itself,  but,  unless  with 
the  best  instruments  and  the  most  careful  rating  and  manipulation,  the 
results  given  by  different  meters  must  be  expected  to  present  some 
discrepancies.  Judging  from  the  record  subsequent  to  February 
12th,  when  still  another  instrument  was  substituted,  the  meter  used 
from  January  31st  to  February  12th  gave  velocities  too  low  by  0.1  ft. 
per  second  or  more. 

Supposition  of  an  Invariable  Datum  Area. — While  the  movements  of 
the  curve  of  coefficients  have  been  accounted  for,  they  have  not  been 
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quantitatively  estimated,  nor  has  any  means  been  indicated  whereby 
the  coefficient  at  any  stage,  under  any  circumstances,  may  be  ascer- 
tained. 

In  order  to  get  rid  of  the  perpetually  recurring  changes  of  area, 
the  datum  section  at  Arkansas  City  may  be  assumed  to  have  been  in- 
variable for  a  certain  period,  say,  during  the  rise  in  January,  the  water 
area  being  subject  only  to  such  changes  as  were  produced  by  rise  and 
fall.  In  such  a  case  it  is  evident  that  the  discharges  would  pass  with 
certain  velocities  which  might  be  very  different  from  those  which 
actually  prevailed.  Those  velocities  are  easily  ascertained,  however. 
by  computing  the  water  area  which  would  have  prevailed  if  the  section 
had  been  unaltered,  and  dividing  the  discharge  by  it.  The  area  is 
easily  computed  by  taking  the  difference  between  the  proposed  datum 
area  and  the  actual  datum  area  on  any  given  date,  and  adding  it  to  or 
subtracting  it  from  the  given  water  area.  The  standard  area  will  be 
assumed  at  about  that  which  prevailed  during  the  greater  part  of  the 
rise,  namely,  212  000  sq.  ft.  The  velocities  which  would  have  existed 
on  that  supposition  are  as  follows: 


Date. 

Gauge. 

Assumed 

area. 

Square  feet. 

Assumed 
velocity.    1 
Feet  per 
second. 

Assumed 

mean  depth. 

Feet. 

Theoretical 

velocity. 

Feet  per 

second. 

Coefficient. 

December  31 

20.28 

140  215 

3.27 

42 . 5 

4.69 

69.8 

January       1 

23.33 

150  335 

3.78 

45.5 

4.92 

76.9 

2.... 

26.13 

159  636 

3.99 

48.2 

5.09 

81.7 

3.... 

28.71 

168  222 

4.28 

50.6 

5.74 

78.4 

7.... 

35.55 

191  176 

4.77 

56.7 

5.68 

83.0 

9.... 

36.85 

195  530 

4.96 

58.0 

5.76 

86.1 

10.... 

37.30 

197  049 

4.98 

58.5 

5.81 

86.0 

12.... 

38.10 

199  751 

5.09 

59.3 

5.81 

87.6 

13.... 

38.49 

201  063 

4.82* 

59.6 

5.85 

82.5 

14.... 

39.03 

202  886 

5.15 

60.2 

5.90 

87.3 

16.... 

40.28 

207  106 

5.39* 

61.5 

6.01 

89.7 

17.... 

40.61 

208  219 

5.18 

61.8 

6.02 

86.1 

19.... 

41.04 

209  670 

5.25 

62.1 

6.07 

86.5 

20.... 

41.20 

210  210 

5.10 

62.5 

6.07 

84.0 

22.... 

41.35 

210  716 

5.10 

62.6 

6.07 

84.0 

23.... 

41. 4S 

211  155 

5. IS 

62.7 

6.08 

85.3 

31.... 

41.73 

212  000 

5.02 

63.0 

6.08 

82.4 

If  these  velocities  are  plotted  to  the  gauge  heights,  a  pretty  regular 
line  will  result,  considering  the  crudeness  of  the  data,  approximately 
straight,  except  at  the  top  of  the  rise,  when  it  begins  to  break  a  little 
(see  Fig.  22).  The  velocities  marked  *  are  considered  untrustworthy, 
on  account  of  the  large  variations  of  discharge  already  alluded  to. 
The  observations  from  January  1st  to  10th  are  not  quite  consistent 
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with  one  another,  for  they  make  a  greater  variation  in  the  discharge  at 
low  stages  than  at  high,  the  rise  being  still  in  active  progress,  which 
is  never  the  case.  The  discharges  for  those  dates  should  be  about 
531  000,  007  000,  084  000,  according  to  the  usual  rate  of  progression  of 
the  discharge.  If  these  figures  are  used,  the  assumed  velocities  for 
those  dates  will  be  as  represented  by  a  /\  in  the  plot. 

Slackening  of  Velocity  at  Crest  of  Rise. — In  endeavoring  to  find  a  law 
for  the  upward  progression  of  the  velocity  or  of  the  coefficient,  the 
data  obtained  near   the  top  of  the  flood  should  not  be  used,   as  a 
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change  in  the  condition  of  the  river  has  already  begun.  It  is  a  well- 
known  fact,  remarked  long  ago  by  Humphreys  and  Abbot,  that  a  slack- 
ening generally  occurs  during  the  last  foot  or  so  of  a  rise,  and  that  a 
less  discharge  is  passed  at  the  climax  of  the  upward  movement  than 
at  a  stage  a  little  lower.     This  fact  is  attributable  to  two  causes. 

First. — The  slope  begins  to  flatten  at  this  time.  As  the  rise  falls  off, 
the  rate  of  progression  of  the  gauges  is  diminished  more  rapidly  above 
than  below.  It  is  rising  at  White  River  only  0. 1  ft.  while  it  is  still  rising 
0.2  ft.  at  Arkansas  City.     Therefore  the  velocity  also  begins  to  decrease 
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even  while  the  river  is  still  rising.  A  cursory  study  of  the  slope 
curves  on  Figs.  16  and  17  will  make  this  very  clear. 

Second. — There  is  a  change  occurring  in  the  conformation  of  the 
river-bed.  While  the  rise  was  in  active  progress,  the  bar  was  building 
and  the  pool  was  scouring.  The  scour  did  not  begin  in  the  pool, 
however,  until  the  velocity  in  the  latter  surpassed  that  of  the  water 
on  the  bar,  and  the  two  processes  continued  until  the  two  areas  were 
equalized. 

During  this  time,  at  all  stages,  the  bars  have  acted  as  dams.  If 
it  had  not  been  for  them,  the  velocity  in  the  pools,  from  the  great 
depth  prevailing  in  them,  would  have  become  excessive.  The  profile 
of  the  river  has  been  somewhat  as  shown  in  Fig.  23.  It  is  evident  that 
the  quantity  of  water  which  can  be  admitted  to  the  pools  is  regulated 
by  the  height  of  the  bars,  and  the  conditions  prevailing  in  the  pools 
can  only  partially  modify  their  effect.  The  velocity  of  the  water  at 
the  wide  sections  is  always  greater  than  the  theoretical  velocity,  be- 
cause the   local  slope  prevailing    - ^ 

on  the  bar  is  in  excess  of  the  gen- 
eral slope.  If  the  sections  re- 
mained unaltered,  a  time  would 
arrive  when  the  general  slope 
would  be  the  greater.  The  rise  pro-  Fig.  23. 

duces  a  much  greater  proportional  increase  of  mean  depth  on  them  than 
in  the  pools.  At  Arkansas  City,  for  instance,  a  rise  of  5  ft.  above  the 
gauge  of  42.4  produces  an  increase  of  mean  depth  in  the  shallow  section 
from  30  to  35,  or  one-sixth.  In  the  deep  section,  the  increase  is  from 
60  to  65,  or  one-twelfth.  Hence  the  velocity  increases  faster  on  the  bars 
than  in  the  pools,  and  at  a  stage  of  55  ft.  it  would  finally  surpass  the 
theoretical  velocity.  This  process  is  modified  by  the  alterations  which 
take  place  in  the  bed.  Not  only  is  the  pool  scouring,  but  the  bar  is 
building;  each  pool  furnishing  the  material  for  the  accessions  to  the  bar 
below  it.  While  the  upward  progress  of  the  river  is  tolerably  regular 
and  rapid,  the  daily  increase  of  depth  over  the  bar  by  virtue  of  the 
rise  is  more  than  sufficient  to  keep  pace  with  the  fill.  When  there 
is  a  considerable  slackening  in  the  rate  of  rise,  however,  as  happens 
near  the  climax  of  every  flood,  the  fill  may  exceed  the  increase  in  height 
of  the  water,  and  the  bars  may  become  veritable  dams,  increasing  the 
depth  in  the  pools    while  the    discharge  is  the   same,   or   maintain- 
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Lng  it  when  the  supply  of  water  La  continually  diminishing.  For 
instance,  from  January  23d  to  January  81st,  the  cross-section  at  Ar- 
kansas City  increased  5  500  sq.  ft.,  or  L.8  ft.  in  mean  depth.  Tin- 
is  probably  deposited  in  the  first   wide  section  below,  and  is  sufficienl 

to  raise  it  a  foot  or  so,  while  the  gauge  height  has  increased  only  a  frac- 
tion of  a  foot. 

Line  of  Assumed  Velocities. — If  this  movement  be  general  on  all  the 
bars  throughout  the  river,  as  is  likely  to  be  the  case,  it  may  produce 
very  little  effect  on  the  slope  as  estimated  from  station  to  station. 
Hence,  in  spite  of  the  maintenance  of  the  slope  and  of  the  discharge, 
there  may  be  a  slackening  of  the  velocity;  indeed  there  always  is, 
and  this  is  prolonged  into  the  fall  which  succeeds. 

A  line  drawn  through  the  assumed  velocities  shown  in  Fig.  22  is 
very  nearly  a  straight  line ;  in  fact  a  straight  line  fits  them  better  than 
any  other. 

On  the  same  supposition  of  an  invariable  datum  area  of  212  000, 
writh  the  slopes  actually  prevailing,  the  theoretical  velocities  may  now 
be  computed  and  plotted,  that  is,  the  products  100  V r  s,  and  the  co- 
efficients required  to  bring  them  to  the  assumed  velocities  lately  found. 
If  the  slope  remained  constant  at  all  stages,  the  line  of  theoretical  ve- 
locities would  be  a  curve  concave  to  the  axis  of  ordinates.  The  slope, 
however,  at  this  station  increases  with  the  gauge  height;  consequently, 
the  theoretical  velocities  are  found  ranged,  as  nearly  as  may  be,  in  a 
straight  line,  not  parallel  to  the  line  of  assumed  velocities,  but  inclined 
to  it  and  intersecting  it  as  the  gauge  gets  higher.  By  means  of  these 
two  lines,  the  coefficients  of  any  number  of  points  maybe  determined, 
and  they  will  be  found  to  correspond  pretty  closely  with  those 
given  on  page  445.  They  form  a  curve,  given  also  in  Fig.  22.  The 
lines  can  be  extended  to  any  stage,  and  the  coefficient  ascertained. 
By  taking  the  slope  from  the  slope  curve,  and  the  mean  depth  from 
the  known  addition  to  the  gauge  height,  the  velocity  may  be  com- 
puted. The  assumed  cross-section  may  also  be  easily  ascertained  by 
adding  the  increase  of  area  due  to  the  given  rise,  to  the  datum  area  of 
212  000.  The  discharge  at  the  gauge  height  required  may  hence  be 
easily  ascertained.  The  velocity  may  be  more  easily  found  by  simply 
prolonging  the  straight  line  representing  the  assumed  velocities. 

Care  should  be  taken,  however,  in  extending  by  analogy  the  con- 
ditions found  at  moderate  stages  to  extreme  high  water.     Usually  this 
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is  the  best  means  known  for  arriving  at  a  correct  estimate  of  the  con- 
ditions likely  to  prevail  at  such  stages,  the  direct  observations  ob- 
tained at  flood  height  being  generally  tainted  with  many  elements  of 
error,  which  it  is  very  difficult  to  eliminate.  All  the  checks  that  are 
available  should  be  used,  however. 

DlSCHAEGE    ClTBVES. 

The  ordinary  method  of  arriving  at  the  discharge  at  stages  beyond 
those  directly  experienced  is  by  prolonging  the  curve  of  discharges. 
Now  a  very  superficial  examination  of  any  discharge  curve  will  show  a 
few  leading  points.  The  discharge,  as  a  general  rule,  increases  with 
the  gauge  height,  and  in  an  increasing  ratio,  which,  if  the  bed  of  the 
river  remained  unchanged,  would  probably  be  tolerably  regular.  The 
rate  would  always  be  greater  on  a  rise  and  less  on  a  fall,  from  the 
known  peculiarities  of  the  slope.  For  this  reason  it  has  been  con- 
sidered proper,  as  has  been  already  observed,  in  tracing  a  discharge 
curve,  to  select  only  times  when  the  river  was  stationary,  and  thus 
eliminate  this  disturbing  influence.  It  is  found  that  this  process  gives 
a  far  more  regular  curve,  yet  there  are  still  very  great  discrepancies 
observable;  so  persistent,  and  recurring  with  such  regularity,  that  it 
is  impossible  they  should  be  errors  of  observation.  Even  in  the  mea- 
surements of  any  single  season,  they  are  conspicuous,  if  the  time  of 
observation  be  at  all  prolonged;  but  they  are  most  noticeable  in  com- 
paring the  data  obtained  from  different  years. 

It  was  observed  several  years  ago  by  Colonel  Suter,*  that  in  every 
series  of  discharge  observations,  no  matter  how  scattered  they  may  arj- 
pear,  it  was  possible  to  group  them  about  a  series  of  curves  parallel  to 
a  certain  standard  curve.  That  is,  the  curve  of  one  year  or  of  one  stage 
would  not  answer  for  another  year  or  another  stage  unless  its  position 
were  shifted  up  or  down.  This  fact  is  strikingly  visible  in  every  series 
of  observations,  from  the  days  of  Humphreys  and  Abbot  to  the 
present  time.  The  word  "  parallel  "  must  not  be  understood  always 
in  a  literal  sense,  for  each  curve  is  more  or  less  affected  by  perturba- 
tions of  one  kind  or  another.  The  general  effect  is  the  same,  as 
Colonel  Suter  remarks,  as  if  the  whole  river  were  bodily  raised  or 
depressed. 

*  Paper  on  investigation  of  discharge  measurements,  in  "Report  of  the  Mississippi 
River  Commission  for  1891,"  p.  3419. 
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Discharge  Curve  of  1884-85  at  Arkansas  Oity. — Fig.   -I  shows  the 

principal  features  of  the  discharge  curve  of  1884-85  at  Arkansas  City. 
It  will  be  seen  that  the  curve  consists  of  two  principal  branches, 
one  representing  the  main  rise  of  the  season,  in  January,  1885,  the 
other  the  fall  which  succeeded  that  rise  and  the  movements  subse- 
quent thereto.  It  is  evident  that  during  the  latter  period  almost  the 
same  relation  prevailed  between  the  successive  values  of  the  discharge 
as  during  the  rise,  the  difference  being  that  the  discharges  passed  at 
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Fig.  24. 

a  gauge  reading  higher  by  a  little  more  than  2  ft.  after  the  crest  of  the 
rise  had  passed  than  during  the  progress  of  the  swell.  The  two 
curves  are  very  nearly  parallel. 

Now  the  discharge  at  any  height  is  equal  to  the  assumed  velocity 
multiplied  by  the  water  area  corresponding  to  that  height,  as  com- 
puted from  the  standard  datum  area,  supposed  to  be  invariable. 

At  medium  and  high  stages  the  area  increases  with  great  regu- 
larity.    At  20.28  ft.  the  width  at  the  water  line  was  3  299  ft.     At  41.7 
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it  was  3  380.  The  increase  of  area,  therefore,  for  each  2  ft.  of  rise 
would  be  successively  6  608,  6  616,  6  624  ft.,  etc.,  so  small  a  difference 
that  if  the  values  of  the  areas  were  plotted  to  the  height  as  an  argu- 
ment to  any  ordinary  scale,  the  line  drawn  through  the  points  thus 
established  would  not  be  distinguishable  from  a  straight  line.  But  if 
the  assumed  velocities  also  range  themselves  in  a  straight  line,  the 
values  of  the  products  of  the  two  should  be  represented  by  a  series,  the 
differences  of  which  should  run  only  to  the  second  order.  This  in  fact 
is  the  case.  If  the  ascending  and  descending  values  of  the  discharge 
be  arranged  in  two  series,  thev  will  run  verv  nearlv  as  follow-: 


Dubesg  Rise. 

Afteb  Rise. 

Gauge. 

Discharge 

First 
difference. 

Second 
difference. 

Discharge. 

First 
difference. 

Second 
difference. 

24 
26 

28  

30     ,,    . 

32 

34     ,      , 

36     ... 

38 

40 
42 

44 

46 

48     .... 

50     ... 

550  000 

604  000 

661  500 

722  500 

787  000 

855  000 

926  500 

1  001  500 

1  080  000 

1  162  000 

1  247  500 

1  336  500 

1  429  000 

1  525  000 

54  000 
57  500 
61  000 
64  500 
68  000 
71  500 
75  000 
78  500 
82  000 
85  500 
89  000 
92  500 
96  000 

3  500 

485  000 

535  000 

588  500 

645  000 

705  500 

769  000 

836  500 

907  000 

981  50n 

1  059  000 

1  140  500 

1  225  000 

1  313  500 

1  405  000 

50  000 
53  GOO 

57  000 
60  500 
64  000 
67  500 
71  000 
74  500 
78  000 

51  500 
85  000 
88  500 
92  000 

3  500 

In  this  table  the  discharges  are  extended  to  a  stage  10  ft.  beyond 
that  at  which  the  observations  terminated.  If  it  is  assumed  that  the 
behavior  of  the  several  quantities  considered  would  be  the  same  at 
higher  stages  as  at  the  stage  actually  reached,  then  the  velocities 
would  follow  the  line  pursued  during  the  rise,  until  a  short  time 
previous  to  the  culmination  of  the  flood,  when  the  velocities  would 
break  away,  remain  stationary  for  a  while,  the  rise  still  progressing 
slowly,  and  then  gradually  slacken  off;  and  during  the  fall  they  would 
approximately  pursue  a  prolongation  of  the  line  which  they  followed 
during  the  same  circumstances  at  the  lower  stage.  If  a  line  were 
drawn  parallel  to  the  two  curves  which  have  just  been  determined  and 
passing  through  the  point  representing  the  discharge  at  the  highest 
gauge  reading  attained,  namely,  11.7,  then  the  intersection  of"  this 
curve  with  the  horizontal  line  representing  the  height  of  50  ft.  would 
give  the  discharge  for  that  reading.     The  mean  of  six  observations 
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taken  at  the  top  of  the  flood  gives  a  discharge  of  about  1080  000. 
From  either  of  the  two  series  given  on  page  451  the  increase  of 
discharge  corresponding  to  that  value  may  be  ascertained  for  an 
addition  to  the  height  of  8.3  ft.  From  the  first  series  it  is  found  by 
interpolation  that  a  discharge  of  1  086  000  corresponds  to  a  height  of 
40.15.  A  height  of  48.45  demands  a  discharge  of  1450  000.  Then 
the  increase  of  discharge  is  365  000,  and  the  discharge  at  the  height  of 
50  ft. ,  supposed  to  be  at  the  stationary  point,  or  at  the  turn  of  the 
curve,  will  be  1  450  000. 

Changes  of  Plane. — The  phenomenon  of  the  shifting  of  the  stage  of 
the  discharge  is  very  ajjpropriately  called  by  Colonel  Suter  a  "change 
of  plane."  It  seems  to  be  principally  due  to  the  changes  which  have 
been  noted  as  occurring  in  the  river-bed  from  stage  to  stage.  The  fill 
on  the  bars  continues  steadily,  in  harmony  with  the  upward  progress 
of  the  river,  until,  by  the  joint  effort  of  the  fill  and  of  the  contempo- 
raneous scour  in  the  pools,  the  areas,  and  hence  the  velocities,  are 
brought  to  a  state  of  equality.  So  during  the  progress  of  a  fall,  after 
the  medium  stage,  or  stage  of  equality  of  areas,  has  been  passed  (which 
at  Arkansas  City  in  1884-85  seems  to  have  been  about  35  ft.,  varying, 
of  course,  with  the  changes  of  the  bed) ,  the  wide  places  cut  out  and 
the  pools  fill,  with  a  tendency  toward  the  same  result,  equalization  of 
cross-section  and  of  velocity. 

At  high  water,  owing  to  the  energy  of  the  forces  at  work,  the  proc- 
ess goes  on  with  great  rapidity.  At  low  water,  the  velocities  are  feeble 
and  the  changes  from  day  to  day  comparatively  small.  If  the  season 
be  short,  the  equilibrium  of  areas  may  never  be  reached.  Probably  it 
seldom  is. 

The  medium  stage  would  appear  to  be,  on  the  whole,  one  of  con- 
servatism of  existing  conditions,  whatever  they  may  be.  If  this  stage 
succeeds  a  considerable  and  sustained  rise,  it  finds  the  bars  high  and 
the  pools  deep.  Coming  after  a  prolonged  low  stage,  it  finds  the  bars 
low  and  the  cross-section  in  the  pools  small. 

It  has  been  shown  that  the  bars  are  the  controlling  elements  of  the 
bed  at  all  stages.  A  general  elevation  of  the  bars  throughout  the 
river,  or  throughout  that  portion  in  which  the  elements  are  considered, 
is  equivalent  to  a  general  elevation  of  the  water  surface.  For  any  one 
year,  the  oscillations  of  the  datum  area  at  the  discharge  section  are 
generally  pretty  fair  exponents  of  the  changes  from  stage  to  stage  on 
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the  bars,  the  movements  of  the  latter  being  in  the  inverse  direction. 
For  instance,[in  1884-85,  the  continued  decrease  of  area  during  the  low 
stage  indicated  a  progressive  scour  on  the  bars,  and  hence  a  "  change 
of  plane"  in  a  downward  direction;  while  at  the  top  of  the  rise  the 
rapid  enlargement  of  the  discharge  section  was  significant  of  a  fill  in 
the  wide  places,  and  hence  of  a  rise  of  the  water  plane. 

From  year  to  year,  the  phenomena  have  not  necessarily  the  same 
significance.  Thus,  in  1889,  with  a  datum  cross-section  of  only  195  000, 
the  discharge  of  745  000  passed  at  a  stage  of  35  ft.  In  1885,  after  the 
rise,  with  a  datum  area  of  about  212  000,  the  same  discharge  had  passed 
at  a  stage  of  about  33,  and  during  the  rise,  with  an  area  of  206  000,  at 
about  31.  Hence  it  is  probable  that  there  are  other  changes  of  the  bed, 
such  as  have  been  mentioned  on  pages  428  and  429,  of  a  more  perma- 
nent or  perhaps  of  a  periodic  nature,  which  have  not  yet  been  carefully 
studied.  Such  changes  may  be  supposed  to  j>roceed  from  a  long  con- 
tinuance of  high-water  or  low- water  conditions;  from  an  unusual  pre- 
dominance of  floods  from  clear-water  streams  like  the  Ohio  or  upjDer 
Mississippi,  or  from  silt-bearing  tributaries  like  the  Missouri  and  Ar- 
kansas, all  which  may  very  readily  have  an  important  effect  upon  the 
general  bed,  etc.  Some  importance  may  also  be  attributed  to  the  main- 
tenance of  levees  and  the  consequent  confinement  of  floods,  or,  on  the 
other  hand,  to  the  occurrence  of  crevasses  and  the  deterioration  of  the 
bed  which  may  naturally  follow  therefrom.  The  reclamation  of  tracts 
hitherto  unprotected  and  the  consequent  exclusion  of  the  action  of 
basins  as  reservoirs  may  be  included  in  the  same  category.  These  are 
very  complicated  matters,  and  require  for  their  discussion  much  local 
knowledge  and  much  careful  study. 

The  respective  parts  played  in  the  "  change  of  plane"  of  the  dis- 
charge by  the  several  causes  may  be  easily  discriminated.  In  the  case 
of  1884-85,  the  slopes  corresponding  to  the  two  branches  of  the  curve 
differ  by  an  extreme  quantity  of  about  0.000004.  At  a  stage  of  35  ft., 
this  difference  would  produce  a  change  in  the  velocity  of  about  0.1  ft. 
per  second,  or  in  the  discharge  of  about  20  000  cu.  ft.  The  actual  dif- 
ference was  about  90  000.  The  change  of  area  in  the  discharge  section 
alone  would  not  affect  the  discharge,  but  only  the  velocity.  Hence 
the  elevation  of  the  bars  was  responsible  for  more  than  three-quarters 
of  the  discrepancy. 

The  change  of  plane  is  sometimes  mostly  local.     On  March  9th  to 
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11th,  1893,  a  discharge  estimated  in  the  mean  at  about  1  050  000  passed 
Arkansas  City  at  a  stage  of  43.1,  while  in  1885  the  same  disohfi 
passed  between  39  and  40.  In  this  instance  the  change  of  plane  was 
confined  principally  to  Arkansas  City,  the  gauge  at  that  point  being 
much  higher,  relatively,  to  White  River  and  Greenville  than  in  1885. 
At  the  height  of  the  rise  in  the  latter  year,  the  following  figures  show 
the  readings  of  the  gauge  at  White  River,  Arkansas  City,  Greenville, 
Lake  Providence  and  Vicksburg,  compared  with  March  9th  to  11th, 
1893. 

1885.  1893. 

White  River 43.60  44.3 

Arkansas  City 41.70  43.2 

Greenville 37.60  37.7 

Lake  Providence 34.75  35.8 

Vicksburg 42.40  42.4 

Thus,  it  will  appear  that  there  were  slight  changes  of  plane  at 
White  River  and  Lake  Providence,  a  considerable  one  at  Arkansas 
City,  and  none  at  all  at  Greenville  or  Vicksburg. 

High- Water  Conditions  Should  Repeat  Themselves. — If  the  high  water 
be  of  long  duration,  the  slope  should  be  brought  to  very  nearly 
the  same  value  from  year  to  year,  the  depths  of  water  on  the 
bars  should  be  nearly  the  same,  and,  in  short,  the  conditions  should 
repeat  themselves,  except  in  so  far  as  they  are  affected  by  permanent 
changes  of  the  bed.  Suppose  the  bed  of  the  river  to  be  as  rep- 
resented by  the  line  G  D  E  F  in  Fig.  25,  and  suppose  the  water  surface 

A B 

L M 


D 


~H  K 

Fig. 25. 

at  the  height  of  the  flood  to  be  as  represented  by  A  B.  The  area  on 
the  bars  being  much  greater  than  in  the  pools,  the  velocity  will  be 
slackened  and  the  bars  will  build.  In  the  pools  the  velocity  will  be 
increased  and  the  bottom  will  be  depressed.  The  bed  will  then  as- 
sume the  shape  G  H  I K.  Now  this  reasoning  is  altogether  independ- 
ent of  the  exact  shape  of  the  original  bed  C  D  E  F.  It  may  be  as  it  is 
figured  in  the  sketch,  or  it  may  be  already  in  a  position  approximating 
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that  shown  by  G  H  I  K.  In  the  latter  case  there  will  be  little  change. 
If  the  river  remain  at  flood  height  for  a  long  time  the  result  will  be  the 
same  in  the  one  case  as  in  the  other. 

The  end  of  the  process  will  be  reached  when  the  areas  at  G  and  at 
H  are  equalized.  But  suppose  the  water  level  to  occupy  the  position 
L  Mt  lower  than  the  normal,  instead  of  A  B:  will  not,  then,  the  areas 
be  equalized  and  the  movement  of  material  stop  prematurely  at  a 
lower  level  than  before?  It  appears  that  this  should  not  occur  unless 
the  whole  bed  of  the  river  undergoes  a  permanent  change.  The  high- 
water  slope  is  fixed  or  oscillates  between  limits.  As  long  as  the  gen- 
eral bed  of  the  river  remains  the  same,  and  the  movement  of  material 
is  confined  to  the  transference  of  silt  from  one  locality  to  another 
nearly  adjacent,  the  high-water  slope  will  not  be  disturbed  thereby, 
provided  it  has  time  to  adjust  itself.  As  the  bars  rise  the  water  will 
rise  also  until  it  has  attained  its  normal  slope.  If  it  be  supposed  pos- 
sible that  the  process  should  extend  further  than  this  and  the  bars 
rise  still  more,  the  consequence  would  be  that  the  level  above  the  bar 
would  be  raised  and  the  velocity  over  the  bar  increased,  thus  putting 
an  end  to  the  building  process.  In  other  words,  as  it  has  been  ex- 
pressed, "  the  slope  would  prove  more  inflexible  than  the  bottom."* 

The  higher  the  flood,  the  more  rapidly  and  certainly  will  the  nor- 
mal level  be  reached.  If  the  flood  be  short  and  of  moderate  height,  it 
is  evident  that  the  water  plane  at  the  extreme  point  reached  may  be 
above  or  below  the  normal,  the  conditions  at  medium  stages  having 
comparatively  little  tendency  to  produce  change.  The  stage  of  water 
will  then  be  largely  controlled  by  the  condition  of  the  bed  as  the  rise 
finds  it.  With  the  powerful  forces  prevailing  at  extreme  flood,  adjust- 
ment is  speedily  brought  about.  If  a  high  water  indefinitely  pro- 
longed is  assumed,  it  appears  a  natural  consequence  that  a  certain 
height,  slope  and  other  conditions  should  be  reached  which  would  be 
reproduced  under  similar  circumstances  at  other  times,  with  the 
greater  certainty  and  precision  as  the  new  conditions  conformed  to  the 
old,  and  as  the  time  was  extended  for  their  operation. 

It  would  be  desirable  to  bring  this  reasoning  to  the  test   of  fact. 

but  this  cannot  be  rigorously  done,  for  the  true  high- water  slope  of 

the  Mississippi  has  never  been  ascertained,  even  for  one  year.     It  has 

always  been  disturbed  by  the  same  influences  that  have  introduced  so 

*  "  Report  of  the  Mississippi  River  Comruissiou  for  1SS4,"  p.  2551. 
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many  complications  into  the  movements  of  the  discharge;  escapes  and 
returns  of  water,  influence  of  tributaries,  reclamation  of  Lands,  etc. 
It  is  also  very  much  affected  by  duration  of  flood.  Every  one;  has 
remarked,  however,  the  persistence  with  which  high-water  conditions 
repeat  themselves.  Any  "river  prophet,"  if  given  the  stage  at  Cairo 
and  its  duration  and  the  condition  of  the  tributaries,  will  state 
Avithin  0.5  ft.  or  less  what  height  will  be  reached  at  Helena,  Arkansas 
City,  Greenville  or  Vicksburg  from  a  comparison  of  previous  experi- 
ences. 

Extreme  Discharges  at  Arkansas  City. — The  discharge  at  an  extreme 
height  has  been  measured  at  Arkansas  City  under  very  favorable  con- 
ditions. The  stage  was  49. 6,  within  0. 7  ft.  of  the  highest  ever  reached 
there.  The  river  was  stationary.  The  mean  of  the  observations  of 
eight  days  are  available,  which  are  wonderfully  accordant.  There 
was  no  disturbing  influence  within  60  miles  below,  and  none  at  all  above. 
The  measurements  had  been  checked,  up  to  a  few  days  before,  by 
simultaneous  observations  at  Wilson's  Point,  93  miles  below,  and  by 
the  free  use  of  the  flanking  method  at  both  places.  The  discharge 
was  also  observed  at  the  extreme  high  stage,  50.3,  which  was  reached 
the  same  season;  but  at  that  time  there  were  disturbances  which  ren- 
dered the  determinations  of  the  discharge  less  trustworthy,  and  which 
palpably  affected  the  gauge  height. 

The  mean  discharge  for  eight  days,  at  a  reading  of  49.6  on  the 
Arkansas  City  gauge,  was  1  425  206.  As  computed  from  the  series  on 
page  451,  from  the  data  of  1884-85,  the  discharge  at  this  stage  should 
be  1  431  478. 

In  comparing  the  two  series  just  referred  to,  the  first  differences 
represent  the  increase  of  the  discharge  for  each  2  ft.  of  rise.  While 
the  two  curves  are  parallel  the  same  differences  do  not  correspond  to 
the  same  gauge  heights,  but  to  the  same  values  of  discharge.  Thus, 
in  the  ascending  series,  the  increase  of  discharge  from  30  to  32  ft.  was 
64  500.  In  the  descending  scale  (or  rather  after  the  fall)  the  differ- 
ence 64  500  does  not  correspond  to  the  stage  of  30-32,  but  about  to 
that  of  32-34.  It  corresponds,  however,  in  both  to  a  discharge  of  about 
720  000.  Hence,  in  using  this  method,  discharge,  not  gauge,  is  to  be 
considered. 

The  discharges  observed  at  49.6  may  be  assumed  to  be  nearly 
correct.     The  discharge  for  any  higher  stage  not  too  remote  may  then 
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be  obtained  with  a  very  fair  approach  to  accuracy,  by  applying  tbe 
analogies  deduced  from  the  series  on  page  451,  especially  as  they  have 
given  pretty  nearly  the  correct  result  above,  though  extended  over 
nearly  S  ft.  of  rise.  At  50  ft.,  there  should  lie  about  1  445  000  ;  at 
50.3.  1  45s  500.  The  mean  for  six  days  of  the  measured  discharge 
actually  taken  at  the  latter  stage,  was  about  1  504  000.  This  includes 
the  extraordinary  measurement  of  1  667  000.  Excluding  this,  the 
result  was  about  1  480  000.  Probably  this  is  not  far  from  the  truth, 
but  the  stage  would  have  been  a  little  higher  had  it  not  been  for 
disturbances. 

At  the  stage  of  53.3.  which  is  the  grade  of  the  present  levees,  the 
discharge  would  be  (still  starting  from  49. 6)  1  G05  600  :  at  56.  about 
1  745  000. 

It  is  now  allowable  to  return  to  the  method  of  assuming  an  in- 
variable area  and  deducing  velocities  therefrom,  which  there  was 
doubt  about  extending  to  high  stages  without  some  check.  If  the  line 
of  assumed  velocities  is  developed  beyond  the  time  of  the  culmination 
of  the  rise,  and  it  is  followed  during  the  fall,  it  will  be  found  that  this 
line,  like  that  of  the  discharges,  is  approximately  parallel  to  the 
ascending  line  (see  Fi_.  '-!_!  .  It  is  hardly  worth  while  to  give  the 
table  from  which  the  several  points  of  the  line  were  derived.  If  now 
a  straight  line  is  drawn  parallel  to  these  lines  through  the  high  si 
point  reached  in  1885,  namely.  41.7.  the  assmned  velocity  at  any  stage 
will  be  obtained.  At  49.6  it  will  be  about  6.00.  The  width  will  be 
taken  at  about  3  400.  At  41.7  it  was  3  380.  The  increase  of  height  is 
7.9  ft.;  increase  of  area.  20  B60.  Adding  this  to  the  assumed  datr.ru, 
212  000,  the  assumed  area  will  be  at  49.6.  2  -  -  .  and  the  discharge, 
1  433  160.  At  50.3.  the  assumed  area  will  be  241  240;  velocity.  6. 
discharge.  1  464  327.  At  53.3.  the  area  will  be  251  440  :  the  velocity. 
6.40;  the  discharge,  1  609  216  :  at  56.  the  discharge  will  be  1  746  154. 

Observations  of  1893.— The  discharge  observations  of  1893  extended 
over  only  a  small  period,  namely,  from  March  9th  to  April  ^th.  and 
from  May  5th  to  June  7th.  covering  a  range  of  only  16  ft.  on  the 
gauge,  from  34.2  to  50.3.  For  general  study  they  are  therefore  not  so 
instructive  as  the  series  of  1884U85.  They  have,  however,  the  great 
advantage  of  being  known  to  be.  in  the  main,  tolerably  accurate. 
They  were  accompanied  by  simultaneous  observations  at  Wilson's 
Point,  which   serve  as   a  valuable  check,  especially  before  crevae 
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intervened.  They  have  another  advantage,  that  they  were  taken  at 
very  high  stages.  It  has  always  been  a  matter  of  doubt  how  far  in- 
ductions made  from  medium  stages  were  applicable  to  extreme  high- 
water  conditions.  These  observations,  too,  exhibit  considerable 
variations  in  the  cross-section.  The  datum  is  taken  at  50.3  instead  of 
at  41.7.  The  datum  areas  range  from  233  252  to  262  008.  The 
standard  area  Avill  be  taken  at  242  000,  which  corresponds  pretty 
nearly  to  the  datum  of  212  000  in  1884-85.  The  data  observed  during 
the  rise  in  May  are  too  few,  however,  and  extend  over  too  small  a 
range  of  the  gauge  to  be  a  safe  guide.  The  fact  that  the  observations 
were  not  continuous  prevents  tracing  the  various  changes  of  the  bed, 
although  they  can  be  easily  imagined.  In  the  considerable  discrep- 
ancies of  the  recorded  velocities  and  discharges,  it  will  be  safest  to 
take  the  means  of  those  which  were  observed  while  the  river  was 
stationary  for  a  considerable  period.  There  were  two  such  times, 
corresponding  to  stages  of  40.0  and  49.6  respectively.  At  these  dates 
the  following  data  are  found : 


Date. 

Gauge. 

Assumed  area. 

Assumed  mean 
depth. 

Assumed 
velocity. 

Discharge. 

March  20th-29tk.. 
May  15tb-23d 

40.0 
49.6 

207  479 
210  022 

60.5 
70.6 

4.55 
5.94 

943  931 
1  425  206 

If  the  line  of  assumed  velocities  is  supposed  to  be  straight,  as  be- 
fore, the  velocity  at  50.3  will  be  6.05,  and  the  discharge  1  464  100. 
At  53.3,  the  velocity  will  be  6.48  and  the  discharge  1  635  325.  The 
observations  actually  taken  at  this  stage  have  already  been  given. 
A  comparison  of  the  Wilson's  Point  observations  shows  no  such  fluc- 
tuations of  the  discharge  as  are  recorded  at  Arkansas  City.  There 
were  crevasses  at  this  time  between  the  two  stations,  but  they  had  been 
running  for  two  weeks  or  more,  and  there  was  little  change  from  day 
to  day  in  their  rate  of  discharge.  There  should  have  been  then  nearly 
a  constant  difference  between  them  equal  to  the  combined  discharge  of 
the  crevasses.  The  latter  were  measured  twice  during  the  season,  but 
the  results  are  not  entitled  to  much  confidence,  the  conditions  being 
extremely  unfavorable  and  the  methods  somewhat  crude.  A  crevasse 
is  divided  into  several  sections;  at  least  three  direct  flows  and  two 
reverse  flows,  caused  by  eddies,  as  shown  in  Fig.  26;  and  it  is  extremely 
difficult  to  measure  their  discharge  correctly.     The  discharge  at  Wil- 
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son's  Point  at  this  time,  for  the  five  days  succeeding  the  excessive 
velocities  recorded  at  Arkansas  City,  averaged  1  391  658,  and  for  the 
five  days  preceding,  1  412  214. 


Fig.  26. 

Use  of  Method  of  Coefficients. — The  use  to  be  made  of  the  method  of 
coefficients  is  to  be  considered  next.  In  1884-85,  the  progression  of 
the  theoretical  velocities  before  and  after  the  rise  followed  nearly 
straight  and  parallel  lines.  So  the  assumed  velocities,  on  the  basis 
of  a  constant  datum  area,  followed  lines  which  were  nearly  straight 
and  parallel,  but  inclined  to  the  lines  of  theoretical  velocities.  The 
coefficients,  when  plotted,  form  curves  which  have  the  same  general 
form,  but  are  not  exactly  parallel  (see  Fig.  22).  In  each  curve,  how- 
ever, the  progression  of  the  coefficients  follows  very  nearly  the  same 
law,  as  might  have  been  expected.  The  following  table  gives  the 
values  of  the  coefficients  arranged  in  series,  with  the  differences. 


During  Rise. 

After  Eise. 

Gauge. 

Coefficient. 

First  difference. 

Coefficient. 

First  difference. 

24 

72.4 
74.8 
77.0 
79.0 
81.0 
82.8 
84.6 
86.3 
87.8 
89.3 
90.8 
92.2 
93.6 
94  9 
96.2 
97.4 
98.5 
99.6 
100. 7 

65.8 
68.6 
71.1 
73.5 
75.8 
77.8 
79.8 
81.8 
83.7 
85.5 
87.1 
88.7 
90.2 
91.7 
93.2 
94.5 
95.8 
97.1 
98.4 

26 

2.4 
2.2 
2.0 
2.0 
1.8 
1.8 
1.7 
1.5 
1.5 
1.5 
i.4 
1  4 
1.3 
1.3 
1.2 
1.1 
1.1 
1.1 

2.8 

28 

2.5 

30 

2.4 

32 

2.3 

34 

2.0 

36 

2.0 

38 

2.0 

40 

1.9 

42 

1.8 

44 

1.6 

46 

48 

1.6 
1.5 

50 

1.5 

52 

1.5 

54 

1.3 

56 

1.3 

58 

1.3 

60 

1.3 

At  49.6  ft.,  in  1893,  the  coefficient  deduced  from  actual  observation, 
with  the  assumed  data,  given  on  page  458,  is  87. 6.  From  either  series 
of  coefficients  given  above,  it  is  seen  that  a  coefficient  of  this  value 
increases,  for  an  increased  height  of  3.7  ft.  (that  is,  from  49.6  to  53.3), 


WO  -i  \  i;i  I  v.    ox    DISOHABG  i:   0]     in  E    mi    3189]  PPL 

i\\  aboul  2.7.  Thai  Is,  al  53.8  it  would  become  90.3.  The  slope  would 
have  been  aboul  0.0000651.  The  mean  depth,  to  datum  of  242000, 
would  have  been  74.8.  Eence,  the  assumed  velocity  would  have  been 
6.28;  the  area,  252  710;  the  discharge,  1  587  019. 

If,  instead  of  taking  an  assumed  datum  area,  the  observed  area, 
namely  -I^.)  774  (mean  of  9  days),  had  been  taken,  the  observed  mean 
depth,  73.3;  the  observed  slope,  0.0000655,  and  the  observed  velocity, 
5.625,  a  coefficient  of  81.2  would  have  been  obtained,  which,  at  53.3, 
should  have  increased  to  about  84.5.  This  should  have  given  a  velocity 
of  6.00,  an  area  of  266  558,  and  a  discharge  of  1  599  348.  The  observed 
slope  was  a  little  greater  than  the  normal  for  the  stage,  on  account  of 
crevasses  below  Greenville,  which  lowered  the  water  line  at  that  place 
more  than  at  Arkansas  City. 

As  Humphreys  and  Abbot  would  say,  no  closer  agreement  could 
be  desired,  and  it  is  possible  that  the  use  of  local  coefficients  may 
be  found  serviceable  for  purposes  of  approximation  or  even  of  ac- 
curacy. It  would  be  very  rash,  however,  to  come  to  such  a  conclusion 
without  further  and  much  more  extensive  trial.  It  will  appear  pres- 
ently that  there  must  be  a  separate  series  of  coefficients  for  each 
place,  which  will  be  subject  to  variation  by  any  change  in  the  location 
of  the  cross-section  or  any  considerable  modification  of  its  type. 
Nowhere  are  hasty  generalizations  more  unwise,  and  nowhere  are  they 
more  frequently  brought  to  grief,  than  on  the  Mississippi. 

Increase  of  Coefficient  Due  to  Shape  of  Section.  — It  has  been  remarked 
that  one  cause  of  the  increase  of  the  coefficient  with  increasing  gauge 
height  is  the  deep  and  narrow  conformation  of  the  cross-section.  So 
influential  is  this  cause  that  all  others  are  as  nothing  in  comparison 
with  it.  If,  instead  of  taking  the  discharge  section  at  Arkansas  City, 
the  wide  section  or  bar  above  had  been  chosen,  a  series  of  coefficients 
would  have  been  had  that  moved  in  an  inverse  sense,  and  decreased 
as  the  river  rose.  As  this  is  an  important  and  interesting  phenom- 
enon, a  few  examples  may  be  given.  The  dimensions  of  the  two  sections 
are  taken  from  the  surveys  of  1882,  and  the  plottings  made  therefrom 
are  shown  in  Fig.  21.  As  there  are  no  means  of  ascertaining  the 
changes  that  occurred  from  day  to  day,  it  will  be  assumed  that  the 
bed  of  the  river  underwent  no  change  during  the  alternation  of  high 
water  and  low  water.  Whatever  change  took  place  would  affect  the 
figures  only,  not  the  reasoning.    The  slopes  were  taken  from  the  mean 
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results  of  the  observations  of  1884-85;  the  discharges  from  the  mean 
discharge  curve  of  several  years.  For  the  wide  and  narrow  sections 
respectively  the  following  results  are  found : 


Stage. 
Feet. 


7.4. 


Low    water 
of  1884.... 


20. 


30. 


35. 


42.4$. 


50. 


55. 


Areas . 

Square 

feet. 

Mean 

depths. 

Feet. 

51  600 

and 
86  500 

16.8* 

and 

27.0 

111  600 

and 
128  500 

21.3 
and 
39.2 

139  700 

and 

161  400 

19.lt 

and 

48.0 

178  400 

and 
178  400 

23.2 
and 
52.7 

233  000 

and 

203  700 

30 

and 

59 

292  000 

and 
230  000 

37.6 
and 
66.6 

330  750 

and 

247  250 

42.6 
and 
71.6 

Slope. 


Theoreti-| 

cal        j  Discbarge, 
velocities.    Cubic  feet. 
Feet. 


0.0000375 

2.51 
and 
3.18 

0.000049 

3.23 
and 
4.38 

0.000054 

3.21 
and 
5.09 

0.000057 

3.63 
and 
5.48 

0.000059 

4.21 
and 
5.90 

0.0000625 

4.85 
and 
6.45 

0.000064 

5.20 
and 
6.74 

221  000 


440  000 


650  000 


820  000 


1  110  000 


1  450  000 


1  687  000 


Actual 
veloci- 
ties. 


4.29 
and 
2.56 

3.94 
and 
3.43 

4.66 
and 
4.03 

4.66 
and 
4.66 

4.76 
and 
5.46 

4.97 

and 
6.30 

5.11 

and 
6.82 


Coeffi- 
cients. 


171 

and 

80.5 

122 

and 

78.4 

145 
and 

78.4 

127 
and 
85 

113 

and 

92.6 

102.5 
and 
97.6 

98.2 

and 

101.2 


*  In  taking  the  mean  depths  at  low  water  in  the  wide  section,  only  the  principal  part  of 
the  section  was  considered,  the  isolated  pool  being  left  out  of  account. 

t  The  mean  depth  is  here  actually  less  than  a  stage  10  ft.  lower,  because  in  the  mean- 
time the  river  has  spread  over  a  bar  1  500  ft.  wide. 

t  The  surveys  were  made  at  this  stage,  which  corresponds  nearly  to  "  bank-full." 

Section  of  Uniform  Coefficient. — From  these  examples  it  is  evident 
that  the  commonly  accepted  idea,  on  which  so  many  formulas  have  been 
based,  that  the  coefficient  always  increases  with  the  height  of  the  river, 
or  with  mean  depth,  is  not  a  law  at  all,  but  in  part,  at  least,  a  peculiarity 
attached  to  narrow  sections.  A  section  may  be  imagined,  a  sort  of 
mean  between  these  two  types,  in  which  the  coefficient  should  remain 
uniform  at  all  stages  from  the  highest  to  the  lowest.  It  is  indeed 
possible  to  construct  such  a  section;  it  has  been  done,  approximately, 
in  Fig.  27.  It  is  evident  that  such  a  section  may  be  conceived  as  exist- 
ing at  any  point  in  the  reach  under  consideration,  and  that  if  it  so 
existed,  the  discharges  would  pass  at  the  velocities  corresponding  to 
those  given  by  the  formula  v  ==  100  V  rs,  and  at  the  stages  indicated 


L6S  i\i;ii\<,    on    DISCHARGE  OF  THE    KISSISSIPPL 

on  the  margin.  Tins  imaginary  section  mighl  be  used  in  estimating 
discharges  for  higher  stages  than  have  been  observed.  It  is  a  reason- 
able supposition  thai  a1  53.8  ft.,  for  example,  the  same  relation  would 
exist  that  has  prevailed  from  the  stage  of  30  to  that  of  50;  thai  the 
mean  depth  of  the  imaginary  section  would  be  54.5,  the  slope  about 
0.0000635,  that  the  velocity  would  hence  be  5.8G,  the  area  272  600  and 
the  discharge  about  1  603  000.  It  is  very  probable,  indeed,  that  tli 
figures  would  nearly  represent  the  actual  area,  velocity  and  discharge 
at  the  Arkansas  City  section.     The  neutral  section,  or  section  of  con- 

W=WIDTH.   D  =  MEAN   DEPTH,  A=AREA 

r=VELOCITY.   BOTH  THEORETICAL  AND  ACTUAL, S  =  SLOPE,     Q  =  piSCHARGE  IN 

THOUSANDS  OF  FEET. 

WIDTH  5030,  D50.8,  A  =  257600  ?'-  5.  63,   S-0.  0000625,  Q=1450 

W  =  5050,  D  =  43.5.  A  =  219000,  t'  =  5.10,  S— 600,  Q  =  1120 

W  =  5020,  D=36.1,  A  =181700,  r=4.53,   S=570,  Q^820 

W=5000,  D  =  31.9,  A=156600,   t'  =  4.15,   S  =  540,  Q=650 


W=3700,  D  =  30.6,  A  =113100,  l'  =  3.87,  S=490,Q  =440 


. / 

Fig.  27. 

stant  coefficient,  is  very  nearly  a  mean  of  the  wide  and  narrow  sections, 
and  is  therefore  such  as  would  be  reached  at  the  top  of  a  great  rise, 
when  it  had  been  prolonged  sufficiently  to  bring  about  an  equaliza- 
tion of  areas.  Indeed,  the  neutral  section  is  not  far  from  being  about 
the  mean  section  of  the  river. 

For  the  present  purpose,  it  is  hardly  worth  while  to  construct  such 
a  section  with  the  last  degree  of  accuracy.  The  shape  of  the  section 
will  depend  on  the  values  given  the  discharges  at  different  stages,  and 
if  such  values  are  regarded  as  satisfactorily  determined,  higher  values 
may  be  obtained  by  arranging  the  known  values  in  a  series  and  deter- 
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mining  the  law  of  their  progression,  as  has  ahead  v  been  clone,  without 
resort  to  an  imaginary  section. 

Discharges  at  Wilson's  Point. — Having  examined  the  data  available 
for  the  purpose  at  Arkansas  City,  Wilson's  Point  may  be  taken  up. 
Here  there  is  the  disadvantage  of  having  no  continuous  series  of 
observations  extending  over  low  as  well  as  high  stages.  If  an  attempt 
is  made  to  supply  the  missing  data  at  the  lower  end  of  the  discharge 
curve  by  transferring  the  Arkansas  City  discharges  of  1884-85,  taken 
at  stationary  stages,  to  the  gauge  readings  at  Wilson's  Point  (or  rather 
Lake  Providence)  at  those  times,  there  will  be  no  longer  the  check 
which  would  have  been  afforded  by  a  series  of  independent  observa- 
tions, and  the  results  will  be  substantially  identical  with  those  just 

ASSUMED  VELOCITY 


5 

/ 

S\ 

J 

VS 

U1 

-a- 

3 

J> 

30 

d 

^M 

JX 

! 

Fig.  28. 

obtained.  In  1882,  there  were  discharges  taken  at  Hays's  Landing, 
or  rather  Bass's  Landing,  10.4  miles  below  Lake  Providence,  which  are 
easily  transferred  to  that  j)oint,  and  are  thus  comparable  with  those 
taken  at  Wilson's  Point,  which  are  referred  to  the  same  gauge.  The 
Hays's  Landing  observations,  however,  are  of  little  avail,  because  all 
the  discharges  taken  at  high  water  were  vitiated  by  the  disturbances 
arising  from  crevasses  and  return  flows  in  a  wonderful  manner.  Only 
about  half  of  the  discharge  of  the  river  was  retained  in  the  channel 
at  that  point.  The  only  records  which  hold  out  any  promise  of  use- 
fulness are  those  of  1893,  and  they  have  a  very  limited  range. 

A  datum  area  of  210  000  may  be  assumed  at  41.8  on  the  Lake  Provi- 
dence gauge,  and  the  velocities  thus  obtained  plotted  to  the  gauges. 
The  results  are  not  at  all  accordant,  and  exhibit  discrepancies  where 


464  3TARLING    «-N    DI8<  EABGE   OP   THE    MISSISSIPPI. 

there  is  no  apparent  reason  forthem.  For  instance,  when  the  river  is 
stationary  for  several  davs,  and  tlnre  is  no  material  change  of  slope. 
the  recorded  discharge  fluctuates  between  972  000  and  930000,  and  the 

reduced  velocity  between  5.48  and  5.23.  Under  these  circumstances 
it  was  thought  best  to  divide  the  observations  into  groups  and  take 
the  means.  The  result  of  this  proceeding  is  shown  in  Fig.  28.  The 
velocities  are  best  represented  by  a  straight  line,  which,  being  pro- 
longed, cuts  the  line  of  42.8  (which  is  supposed  to  be  about  equiva- 
lent to  50.3  at  Arkansas  City)  at  6.82.  This  velocity,  with  the  area  of 
216  580,  gives  a  discharge  of  about  1  459  000.  At  45.7,  which  may  be 
supposed  to  be  about  equivalent  to  53.3  at  Arkansas  City,  the  velocity 
will  be  7.3;  the  area,  225  100;  and  the  discharge,  about  1  643  000.  The 
observations,  however,  are  too  few  and  their  range  too  small  to  reason 
from  them  with  confidence  for  any  considerable  interval.  It  is  not 
certain  that  45.7  at  Lake  Providence  would  be  the  equivalent  of  53.3  at 
Arkansas  City,  for  the  gauge  relations  of  the  two  differ  widely  at  dif- 
ferent stages,  and  are  not  at  all  consistent. 

On  the  whole,  the  discharge  which  passed  Arkansas  City  and 
Wilson's  Point  in  1884-85  at  a  stage  of  41.7  on  the  gauge  at  the  former 
place  and  34.7  at  the  latter,  was  about  1086  000  ft.  per  second;  in 
1893,  at  50.3  and  42.8*  respectively,  about  1  460  000.  At  a  stage  of 
53.3  and  45.7,  or  whatever  is  its  equivalent  at  Lake  Providence,  there 
would  have  passed  something  more  than  1  600  000. 

These  estimates  are  conservative,  and  it  is  probable  that  the 
changed  conditions  wThich  prevail  at  stages  over  bank-full  would 
operate  so  as  to  increase  the  discharge  by  a  noticeable  amount,  per- 
haps as  much  as  50  000  cu.  ft. ,  as  will  be  shown  hereafter. 

Maximum  Dischaege. 
It  now  remains  to  endeavor  to  determine  the  maximum  discharge 
of  the  river,  and  the  heights  which  it  would  have  attained  at  the 
principal  stations  had  it  been  confined.  For  this  jDurpose  there  are 
available  the  observations  of  1882,  taken  at  Paducah,  Columbus, 
Helena,  Hays's  Landing  and  Red  River  Landing,  and  the  high-water 
discharges  of  the  years  1890,  1891,  1892  and  1893.  Measurements  were 
made  in  1882,  1883  and  1884  of  the  discharge  over  banks  and  through 
crevasses,  and  crevasse  measurements  have  been  made  during  each  of 

*  The  highest  point  actually  reached  was  41.8.  Allowance  is  here  made  for  the  effect  of 
crevasses,  though  the  determination  is  not  very  certain. 
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the  years  of  great  flood.  Of  the  observations  of  1882,  the  only  ones 
which  are  available  for  the  purpose  of  determining  the  maximum 
discharge  are  those  of  Columbus  and  Helena. 

At  these  stations,  the  velocities  at  extreme  high  water,  in  1882,  were 
usually  determined  by  rod  floats. 

At  Columbus. — At  Columbus  the  length  of  the  rod  at  high  water  was 
generally  37  ft.  The  mean  depth  at  this  stage  was  about  70  ft. ,  and  the 
maximum  about  100  ft.  The  Francis  formula  was  applied  in  correcting 
the  measurements,  and  this  would  give  a  coefficient  of  reduction  of 
about  0. 93,  for  the  observed  velocities.    From  the  shape  of  the  Columbus 
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Fig.  29. 

curves  of  vertical  velocity  at  high  water,  the  proper  ratio  would  be 
about  0.91.  Now  the  highest  observed  discharge  was  1  603  215,  on  a 
rising  river,  at  a  stage  1.5  less  than  the  maximum.  A  few  days  later, 
after  a  fall  had  set  in,  a  discharge  of  1  558  323  was  recorded,  at  a  stage 
only  0.17  less  than  the  maximum.  The  slopes  in  these  cases  were 
0.0000895,  0.0000960  and  0.0000913,  so  there  seems  to  be  no  reason  why 
the  first  discharge  should  have  been  in  excess  of  the  last. 

If  the  discharge  curve  is  plotted,  it  will  be  found  that  the  data  for 
the  ascending  branch  are  very  few  (see  Fig.  29).      So  far  as  they  go, 
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thcv  correspond  very  fairly  bo  those  of  the  descending  branch,  which 
are  pretty  numerous,  and  afford  the  means  <>t'  determining  the  curve 
with  reasonable  accuracy.  Here,  as  at  Helena,  later,  the  means  <>!'  the 
observations  near  the  same  stage,  on  a  falling  river,  have  been  taken. 
Ii  Ls  a  little  flatter  than  the  Arkansas  City  curve.  The  low-water  part 
of  the  curve  seems  to  follow  a  different  law  of  progression  from  that 
of  the  high-water  part,  a  frequent  occurrence;  and  above  the  overflow 
line,  which  is  fixed  by  the  observers  at  95  ft.  on  the  gauge,  there  is  still 
a  different  law,  from  causes  which  are  now  clear. 

The  series  of  values  found  for  the  branch  of  the  curve  pursued  after 
the  rise  are  as  follows : 


Gauge. 

Discharge. 

First  Difference. 

Second  Difference. 

78 

355  000 

415  000 

478  000 

544  000 

613  000 

685  000 

760  000 

838  000 

919  000 

1  103  000 

1  090  000 

1  180  000 

1  273  000 

]  369  000 

1  168  000 

60  boo 

63  000 
66  000 
69  000 
72  000 
75  000 
78  000 
81  000 
84  000 
87  000 
90  000 

95  000 

96  000 
99  000 

80 

82  

3  000 

34 

86 

88 

90 

92 

94 

96 

98 

100 

102 

104 

106 

Above  95,  a  well  determined  series  of  measurements  gives  the  in- 
crease of  discharge  from  the  stage  of  100  to  that  of  102  as  about 
130  000  cu.  ft.  Taking  the  mean  of  nine  observations  at  the  nearly 
stationary  stage  reached  from  January  25th  to  February  6th,  it  will  be 
found  that  a  gauge  reading  of  99.96  corresponded  to  a  discharge  of  about 
1  394  000.  At  this  rate,  the  discharge  at  the  highest  point  reached, 
102.8,  should  be  about  1  573  000.  This  value  depends,  of  course,  on 
the  correctness  of  the  determinations.  If  the  errors  in  them  are  merely 
in  the  nature  of  fluctuations,  probably  they  will  be  corrected  by  using 
means,  as  has  been  done.  If  the  quantities  are  all  too  large  or  too 
small,  owing  to  common  sources  of  error,  the  result  will  be  affected  in 
the  same  way.  Relatively  to  one  another,  the  observations  seem  to 
be  fairly  consistent. 

It  was  estimated  that  a  considerable  volume  of  water  escaped  over 
the  banks,  and  did  not  pass  Columbus  in  the  channel  at  all.     The 
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measurements  of  this  quantity  made  in  1882  and  in  1883  are  so  dis- 
crepant, and  the  matter  is  so  surrounded  by  complications,  that  it  can 
be  discussed  more  conveniently  in  connection  with  the  subject  of 
escapes  and  returns  from  reservoirs  or  across  points. 

It  is  now  in  order  to  see  how  these  conclusions  tally  with  others, 
made  at  different  times  and  with  more  accurate  means.  In  the  floods 
of  1892  and  1893,  high-water  discharges  were  taken  at  Columbus,  and 
in  the  latter  year  at  New  Madrid  also.  In  1892,  the  Cairo  gauge 
reached  48.3,  and  in  1893,  49.3,  respectively  3.6  and  2.6  ft.  less  than  in 
1882.  In  1892,  the  mean  for  the  five  highest  days  was  1  379  770.  The 
gauge  reading  for  the  same  time  was  43.0  on  the  Belmont  gauge,  equal 
to  101.0  on  the  old  Columbus  gauge.  In  1893,  the  mean  of  nine  days 
was  1  493  507,  for  a  gauge  height  of  43.7  at  Belmont,  and  of  49.2  at 
Cairo.  At  New  Madrid,  the  discharge  for  a  mean  of  seven  days,  was 
1  474  048.  The  observations  at  Columbus  were  taken  with  double 
floats  at  mid-depth,  and  are,  no  doubt,  too  large.  Even  at  New 
Madrid  the  same  remark  may  hold  good.  The  estimate  of  the  dis- 
charge given  above  is  the  mean  of  the  meter  and  the  float  observations. 
The  meter  was  placed  at  0.6  depth  and  the  floats  (double)  at  mid-depth, 
and  no  correction  was  applied  for  either.  The  velocities  found  by 
floats,  however,  were  almost  uniformly  the  smaller  of  the  two. 

For  a  height  equal  to  that  attained  in  1882,  namely,  44.8  on  the 
Belmont  gauge,  the  discharge  would  no  doubt  have  been  about 
1  540  000. 

At  Helena. — At  Helena,  in  1882,  the  highest  recorded  discharge  is 
1  558  485,  taken  with  the  meter.  There  is  an  observation  showing  a 
discharge  a  little  greater  than  this,  taken  a  few  days  later,  but  it  was 
made  with  rod  floats,  and  the  area  was  interpolated.  The  correction, 
by  Francis's  formula,  if  the  rods  were  of  the  same  length  as  those 
used  at  Columbus,  would  be  0.95,  the  proper  correction,  according 
to  the  curves  of  vertical  velocity,  being  0.93. 

It  is  doubtful,  then,  from  the  record,  whether  so  great  a  discharge 
as  1  550  000  passed.  In  1893,  at  an  average  stage  of  47.8,  a  mean  dis- 
charge of  1  527  501  is  recorded.*  The  stage  reached  in  1882  was  only 
47.2.  There  were  some  circumstances,  however,  that  indicate  the  pos- 
sibility of  an  increased  discharge  at  Helena,  even  at  a  lower  stage. 

*  So  taken  with  meters  at  0.6  depth.  Discharges  taken  with  double  floats  on  the  same 
days  gave  a  little  more. 
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Within  •_!!>  miles  below  Eelena,  there  were  Bevera]  considerable  ore- 
masses,  discharging  some  L60  000  on.  ft.  per  second,  which   must  have 

Lowered  the  water  line  a  good  deal,  while  giving  an  increased  slope.  It 
is  perfectly  possible,  then,  that  the  recorded  discharge  was  genuine. 
Even  in  1893,  the  levees  of  the  White  River  basin  extended  only  about 
22  miles  below  Helena,  and  there  was  a  gap  of  some  25  miles  next  suc- 
ceeding. It  is  not  to  be  doubted  that  an  important  influence  was  ex- 
erted, on  the  Helena  gauge  by  the  depression  of  the  water  line  below 
that  station  thus  produced. 

There  is  also  a  record  of  a  discharge  of  about  1  310  000,  at  a  stage 
of  45.7.  That  a  discharge  of  200  000  ft.  more  should  be  passed  at  an 
additional  height  of  only  2  ft.  indicates  a  great  disturbance  of  the 
ordinary  relations. 

Influence  of  S' tint  Francis  Basin. — The  influence  of  the  vast  unleveed 
front  of  the  Saint  Francis  Basin  on  the  discharge  and  on  the  gauge 
height  at  Helena  and  at  points  below  is  indeed  a  question  which  is  not 
well  understood,  and  upon  which  opinions  have  been  divided.  It  has 
been  reasoned  out  on  various  lines.  It  was  for  a  long  time  maintained 
by  levee  engineers,  and  by  the  author  among  others,  that  the  effect  of 
leaving  the  front  of  this  great  reservoir  open  was  rather  to  increase  the 
discharge  and  the  height  of  the  flood  line  at  the  foot  of  the  basin.  The 
argument  in  support  of  this  view  ran  somewhat  thus:  Given  a  river  in- 
closed by  levees,  on  the  one  side  of  which  is  a  great  basin  like  that  of 
the  Saint  Francis.  Given  a  flood,  the  greatest  that  can  be  restrained  by 
those  levees.  Then,  near  the  height  of  the  flood,  the  river-bed,  thus 
enlarged  artificially,  is  doing  its  whole  duty,  and  carrying  a  discharge 
of  1  500  000  ft.  Now  let  a  breach  be  made  in  the  levee  bordering  the 
reservoir.  A  volume,  say  of  300  000  cu.  ft.  per  second  is  abstracted 
from  the  mass  moving  in  the  channel,  and  the  discharge  is  reduced  to 
1  200  000.  Then  the  stream  is  doing  less  than  its  duty.  Now  let  the 
quantity  of  water  lately  abstracted  be  returned  at  the  foot  of  the  basin 
suddenly,  as  it  is  always  returned,  at  a  rate  faster  than  that  at  which 
it  was  withdrawn.  Then,  as  the  river  was  lately  doing  less  than  its 
duty,  so  now  it  will  have  to  do  more,  and  the  discharge  at  the  foot  of 
the  basin  will  be  greater  than  it  would  have  been  had  the  levees  re- 
mained unbroken.  So  likewise  the  flood  height  will  be  increased  by 
reason  of  the  additional  discharge.  Not  only  so,  but  of  the  mass  of 
water  thus  returned,  a  part  has  a  low  velocity  and  is  projected  into  the 
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river  at  an  unfavorable  angle,  so  that  a  rise  of  the  water  surface  will 
be  produced  until  sufficient  height  is  acquired  to  confer  the  requisite 
velocity. 

This  position  was  disputed  some  years  ago  by  Captain  Kossell,  and 
has  lately  been  attacked  with  much  ability  by  Captain  Townsend.* 
These  engineers  draw  their  arguments  from  the  relations  known  to 
prevail  between  the  different  gauges.  For  instance,  a  comparison  is 
made  of  the  Cairo  and  Helena  gauges,  care  being  taken  to  select  the 
crests  of  rises  or  the  extreme  low  points  of  falls,  so  as  to  readily 
identify  the  corresponding  points,  and  not  be  forced  to  apply  a  some- 
what doubtful  time  interval.  It  is  found  that  at  all  stages  from  zero 
to  bank-full,  there  is,  on  the  whole,  a  striking  parallelism  between  the 
gauges,  Helena  being  usually  a  little  the  higher.  The  relation  is  some- 
what variable,  depending  mainly  on  the  sharpness  or  duration  of  the 
rise,  but  if  the  latter  be  long  enough  to  be  propagated  uniformly  down 
the  river,  Helena  will  be  about  0.5  ft.  ahead  of  Cairo.  At  stages  beyond 
bank-full,  however,  this  relation  ceases.  Cairo  then  becomes  the 
higher,  and  this  by  a  constantly  increasing  quantity  with  the  magni- 
tude of  the  rise,  so  that  in  1882  it  was  4. 7  ft.  above  Helena.  In  1893  it 
was  only  1.4  ft.  above.  This  remarkable  departure  from  jDreviously 
existing  relations  is  ascribed  by  Captain  Townsend  to  the  influence  of 
the  Saint  Francis  Basin  acting  as  a  reservoir.  According  to  this  view, 
the  water  abstracted  from  the  upper  end  of  the  basin  is  retained  in  the 
reservoir  a  sufficient  time  to  allow  the  crest  of  the  flood  to  pass  Helena 
before  it  is  returned.  When  it  is  returned,  it  is  not  in  sufficient 
quantity  to  raise  the  flood  line  to  the  height  which  it  would  have 
attained  in  a  confined  state. 

This  argument  is  very  forcible,  and  it  has  the  merit  of  being  based 
on  accurate  and  indisputable  data.  Discharge  observations  and  meas- 
urements of  flow  over  banks,  through  crevasses  and  across  points,  are 
attended  with  many  elements  of  error  and  uncertainty.  Gauge  records, 
however,  may  be  kept  with  any  desirable  degree  of  exactitude.  There 
are  no  gaps  in  them.  Errors,  if  there  are  any,  are  always  subject  to 
correction,  and  the  relations  between  neighboring  or  even  distant 
gauges  maintain  a  considerable  degree  of  consistency  when  allowance 
is  made  for  disturbing  causes,  such  as  duration  of  rise,  effect  of  tribu- 
taries, crevasses,  etc. 

*  "  Report  of  tlie  Mississippi  River  Commission  for  1894,"  p.  2967,  et  seq. 
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The  plain  consequence  to  which  tins  reasoning  leads  is  thai  it'  the 
front  of  the  s.tint  Francis  Basin  were  completely  sealed  by  Levees,  the 
gauge  at  Helena,  in  Long- continued  floods,  would  eventually  attain  a 
height  at  least  equal  to  that  reached  at  Cairo. 

Captain  Townsend  does  not  attribute  the  present  diminished  gauge 
height  at  Helena  wholly  to  the  Saint  Francis  Basin,  but  ascribes 
a  part   of  it  to  the  condition  of  the  White  River  Basin.     The  facts 
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developed  in  the  study  of  the  Helena  discharges  point  to  the  same 
conclusion.  If  the  discharges  can  be  relied  on  at  all,  the  quantity  of 
water  passed  at  Helena  in  1893  was  about  equal  to  that  which  passed 
Columbus  and  New  Madrid,  increased  by  the  discharge  of  the  Saint 
Francis  River,  which  was  at  a  low  or  medium  stage.  It  was  merely 
the  height,  then,  and  not  the  discharge,  which  was  affected  in  this  year. 
Return  of  Flood  Water. — The  manner  of  the  return  of  the  flood  water 
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from  the  Saint  Francis  Basin  may  best  be  studied  by  referring  to  the 
hydrographs  in  Fig.  30,  for  the  high  water  of  1893  of  Memphis,  76.5 
miles  above  Helena,  of  Mhoon's  Landing,  29.2  miles  above  Helena,  of 
Sunflower  Landing,  46.2  miles  below,  and  of  the  mouth  of  White  River, 
91.7  miles  below.     It  will  be  seen  that  the  Helena  gauge  moved  along, 
nearly  parallel  with  that  of  Memphis,  until  the  river  reached  its  height 
at  the  latter  place  and  had  even  begun  to  fall,  when,  about  May  19th,  at 
Helena,  a  rapid  upward  movement  began  at  the  rate  of  0.5  ft.  per  day. 
This  rate  prevailed  for  about  a  week.     The  rise  from  May  17th  to  May 
25th  was  3.3  ft.     The  gauge  at   Mhoon's  Landing   sympathized  with 
this  movement,  either  because  the  return  flow  began  so  high  up,  or 
from  the  effect  of  the  back  water.     From  the  appearance  of  the  hydro- 
graph  it  was  probably  the  latter.     The  discharge  increased,  during  the 
same  time,  from  about  1  300  000  to  more  than  1  500  000.     This  is  a  greater 
rate  of  increase  than  is  usual,  even  at  such  high  stages,  and  points  to 
extraordinary    causes.      The    most    prominent    of    these   is   the   great 
increase  of  slope  produced,  first,  by  the  sharp   elevation   of  the  water 
surface  at  Helena,  and   second,  by  the  lowering  of  the  water  surface 
below  Helena  by  the  gap  in  the  Arkansas  levees  acting  as  an  outlet  or 
waste  weir.     The  amount  of  the  increase  of  slope  is  very  fairly  deduced 
from  the  changes  of  general   slope,  as  revealed  by  the  comparison  of 
the  adjacent  gauges  below.     Sunflower  Landing,  the  next  gauge  station 
below,  is  directly  opposite  a  part  of  the  gap,  and  the  relations  between 
the  Helena  and  the  Sunflower  gauges  represent  more  closely  than  usual 
the  local  conditions.     Assuming   a   fixed    datum  area  of   220  000,  the 
following  table  may  be  constructed : 


Date.         Gauge. 

Assumed 
area. 

Assumed 
mean 
depth. 

Slope,  Helena-         Assumed       »ASfum-^, 
Sunflower               velocity.       *S3gJ" 

May  17...        44.6 
25...        47.9 

203  526 
220  000 

40.8 
44.0 

0.0000738                    6.45                    5.49 
0.0000816                    6.95                    5  99 

The  coefficients  were  117.5  and  116.5.  The  local  slopes  were 
measured,  and  are  given  as  0.0000643  and  0.0000836  respectively. 

Height  to  be  Attained  at  Helena. — Can  the  height  which  the  gauge 
would  have  attained  if  there  had  been  no  disturbing  influences  above 
or  below  be  deduced  from  the  Helena  discharges?  If  so.  it  can  only 
be  by  extending  to  high  stages  the  analogies  developed  at  heights  up 
to  bank-full. 
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For  this  purpose  the  observations  of  1890,  L891,  L892  and  L898  are 
of  no  use.  for  none  of  them  were  taken  al  stages  below  bank- full.  The 
records  of  the  years  L882  and  1884-85,  however,  cover  all  stages  from 
low  water  up. 

The  observations  of  1882  exhibit  many  discrepancies,  as  mighl  have 
been  expected.  They  were  mostly  made  after  the  flood,  so  that  it  is 
impossible  to  take  an  ascending  series  of  discharges,  as  in  1884-85  at 
Arkansas  City.  It  is  assumed  that  the  descending  series  moved  nearly 
parallel  to  the  ascending,  as  usual;  the  law  of  the  progression  of  the 
discharge  will  be  found  even  from  these  imperfect  data.  The  abso- 
lute quantity  of  the  discharge,  however,  will  not  be  obtained.  It 
may  be  considerably  more  than  that  indicated  by  the  descending  series, 
as  it  would  be  less  than  that  shown  by  the  ascending  series. 
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Fig.  31. 

It  was  remarked  in  relation  to  the  discharge  at  Columbus  that  the 
lower  part  of  the  curve  followed  a  somewhat  different  law  of  progres- 
sion from  that  which  governed  the  upper  part.  This  is  found  also  to 
be  the  case  at  Helena  and  at  Arkansas  City.  It  is  nothing  more  than 
might  have  been  expected,  when  the  shape  of  the  cross-section  of  the 
river  is  considered,  and  especially  of  the  wide  sections  which  appear 
to  control  the  height  of  the  water.  Fig.  31  represents  the  cross-sec- 
tion of  the  wide  reach  above  Helena.  Here,  as  at  Arkansas  City,  at  a 
stage  about  20  ft.  below  bank-full,  or  at  a  reading  of  about  20  ft.  on 
the  gauge,  the  river  spreads  over  an  immense  sand  bar  1  500  ft.  wide  at 
the  latter  place  and  4-  000  ft.  wide  at  Helena.  Previously  to  this  time 
it  has  flowed  in  a  comparatively  narrow  and  deep  channel  of  nearly  the 
same  type  as  the  discharge  section.  There  is  no  reason  why  it  should 
follow  the  same  laAV  after  this  change.     On  the  contrary,  the  rate  of 
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the  discharge  should  increase,  in  consequence  of  the  great  width  and 
shallow  depth  of  the  new  part  of  the  section,  the  relatively  rapid  aug- 
mentation of  the  velocity  and  the  doubly  rapid  increase  of  area.  The 
rate  of  increase,  however,  will  be  slow  at  first,  on  account  of  the  small 
velocity  of  the  new  section  for  the  first  few  feet  after  it  has  been  cov- 
ered. If  these  things  be  so,  then  the  discharge  curve  in  such  localities 
will  really  be  a  compound  curve. 
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Fig.  32. 

Helena  Discharge  of  1882. — In  the  construction  of  the  following  table, 
the  observations  made  at  nearly  similar  stages  have  been  combined  and 
the  means  taken.  For  instance,  all  the  observations  taken  between  38 
and  39  ft.  on  a  falling  river,  eight  in  number,  have  been  used  for  the 
figure  of  916  500,  given  in  the  plot  as  corresponding  to  the  mean  stage 
of  38.6.  As  it  is  the  object  to  trace  the  descending  branch  of  the  curve, 
none  of  the  measurements  made  during  the  progress  of  a  rise  have  been 
used  The  table  shows  the  progression  of  the  discharge  in  the  descend- 
ing branch  from  low  water  to  bank-full,  and  the  extension  of  the  same 
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relations  to  stages  higher  than  have  ever  been  reached  in  a  confined 
river.     The  principal  break  in  the  curve  seems  to  occur  at  abont  80  ft. 

The  observations  of  1884-85  also  have  been  plotted  and  are  given  in 
Pig.  32.  It  will  be  seen  that  at  low  stages  they  depart  somcw  hut  from 
the  curve  of  1882,  while  at  high  stages  they  exhibit  nearly  the  same 
law  of  }>rogreKsion.     It  seems  hardly  worth  while  to  tabulate  them. 


In  1882,  at  stages  above  40,  there  is  exhibited  a  manifest  tendency 
to  depart  still  further  from  the  law  of  progression  which  the  river 
seems  to  have  observed  while  within  its  banks.  At  41.6  on  the  gauge, 
a  mean  of  12  consecutive  observations  gives  a  discharge  of  1  101  000 
cu.  ft.,  w^hich  is  considerably  in  excess  of  what  it  should  have  been 
with  the  relations  prevailing  at  that  time.  Probably  this  is  attribut- 
able to  an  escape  of  water  below  Helena.  These  measurements  were 
taken  after  the  flood,  and  there  were  several  deep  crevasses  still  run- 
ning at  this  stage  which  no  doubt  operated  to  lower  the  water  surface 
at  the  latter  point.  This,  indeed,  is  clearly  indicated  by  the  gauge  at 
Malone's  Landing,  49.2  miles  below,  wrhich  was  nearly  2  ft.  lower  than 
its  ordinary  relation  to  the  Helena  gauge  would  prescribe. 

It  is  not  safe  to  reason  from  measurements  taken  at  a  stage  of 
30-40  ft.  to  stages  of  50  ft.  or  more,  without  some  facts  to  check  up  on. 
From  the  nature  of  the  case,  there  are  no  high-wrater  discharges  at 
Helena  which  are  not  affected  by  the  very  causes  which  it  is  sought  to 
eliminate.     Reasoning  from  such  data  as  are  available,  if  it  is  assumed 
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that  at  about  40.5,  in  1885,  a  discharge  of  1  015  000  passed  as  recorded, 
then  by  the  rule  of  progression  which  seems  to  prevail,  there  should 
be  a  discharge  of  about  1  430  000  at  a  stage  of  50.  By  the  same 
reasoning  a  discharge  of  1  500  000  should  pass  at  a  gauge  reading  of 
about  51.4.  It  is  recorded  that  such  a  discharge  passed  in  1893  at 
47.9,  indicating,  so  far  as  this  argument  may  be  relied  on,  that  the 
flood  line  had  been  depressed  by  high-water  influences  3.5  ft.  So  far, 
then,  Captain  Townsend's  conclusions  are  confirmed,  and  the  confine- 
ment of  the  river  by  the  closure  of  the  Saint  Francis  and  White  River 
Basins  will  have  the  effect  of  augmenting  the  gauge  height  at  Helena. 

Will  this  increased  flood-height  be  propagated  down  the  river,  and, 
if  so,  how  far  and  to  what  extent  ?  The  answer  to  this  question  will 
depend,  in  part  at  least,  on  the  importance  of  the  White  River  Basin 
as  an  agent  in  affecting  the  water  plane. 

Influence  of  White  River  Basin. — Even  at  the  date  of  this  writing, 
there  is  a  gap  in  the  line  of  levees  of  the  White  River  Basin  some  10 
miles  in  length,  which,  however,  will  be  closed,  no  doubt,  in  two  or 
three  years.  This  gap  is  sufficient  to  discharge  200  000  or  300  000  cu. 
ft.  per  second  at  high  water,  and  to  depress  the  flood  plane  in  its 
vicinity  3  ft.  or  so.*  Such  a  steepening  of  the  slope  at  Helena  must 
have  a  very  considerable  influence  on  the  velocity  at  the  latter  point, 
and  consequently  on  the  flood  height.  It  is  not  impossible  that  a 
great  part  of  the  effect  usually  attributed  to  the  Saint  Francis  Basin 
may  be  more  properly  due  to  the  outlets  below  Helena.  It  is  well 
known  that  the  outlets  below  Arkansas  City  in  1886  and  1887  had  a 
notable  effect  in  lowering  the  high- water  line  at  that  place.  In  1887 
a  discharge  measured  as  a  mean  of  1  440  000  cu.  ft.  passed  Arkansas 
City  at  a  height  of  46.6  ft.  Such  a  discharge  corresponds  normally 
to  a  height  of  nearly  50  ft. 

The  water  which  is  poured  over  the  bank  through  the  gaps  into 
the  White  River  Basin  soon  returns  to  the  Mississippi,  usually 
through  the  channel  of  White  River  itself,  if  that  stream  be  not  very 
high.  If  it  be  in  a  state  of  extreme  flood,  a  part  of  its  discharge  is 
transferred  to  the  foot  of  the  basin  by  overflow,  and  enters  the  Missis- 
sippi along  the  line  of  the  Cypress  Creek  levee.  As  the  basin  is  only 
one- sixth  the  size  of  the  Saint  Francis  Basin,  its  effect  is  small  com- 


*  Captain  Roeseler  estimates  the  "potential  high-water  line,"  or  water  line  as  it  would 
be  if  the  stream  were  entirely  confined,  as  2.7  ft.,  above  the  actual  flood  line  in  some 
localities. 
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pared  to  that  immense  territory,  though  still  of  great  Importance  in 
sc\  era]  respects. 

It  was  seen  that  the  discharge  at  Columbus  in  1882  was  probably 

1  600  000  cu.  ft.  or  more,  including  the  volume  which  passed  in  the 
swamp.  Now  the  discharge  which  passed.  Helena  was  only  1  500  000 
ft.  or  so.  Does  not  this  indicate  that  a  part  of  the  water  was  held 
back  in  the  Saint  Francis  Basin  *?  It  does  not.  The  levees  of  the 
upper  part  of  the  Yazoo  Basm,  from  the  hills  below  Memphis  to 
Glendale,  opposite  Helena,  were  in  a  ruinous  condition,  and  the 
volume  of  water  which  poured  over  them  was  estimated  in  1882,  and 
again  under  circumstances  almost  precisely  similar  in  1883,  at 
290  000  cu.  ft.  per  second.  As  has  been  stated,  these  measurements 
are  always  excessive  ;  but  allowing  only  half  of  the  above  estimate,  it 
will  account,  not  only  for  the  100  000  cu.  ft.  of  difference  between 
Columbus  and  Helena,  but  also  for  the  discharge  of  the  Saint  Francis 
Kiver  proper,  estimated  at  about  50  000  cu.  ft. 

What  Height  Could  be  Reached  at  Cairo? — If  it  be  true,  as  seems 
probable,  that  in  a  confined  river,  in  prolonged  floods,  the  river 
would  rise  to  a  height  on  the  Helena  gauge  equal  to  or  greater  than 
that  attained  at  Cairo,  what  would  now  be  the  altitude  which  that 
standard  of  the  river  would  reach  ?  For  even  at  Cairo  the  river  is  not 
closely  restrained.  There  is  a  considerable  flow  over  the  bank  at  Bird's 
Point,  in  Missouri,  just  opposite,  which  was  measured  in  1883  and 
reported  at  216  000  cu.  ft.  per  second.  It  may  reasonably  be  supposed 
that  such  a  loss  of  volume  as  this  would  have  a  material  effect  on  the 
water  line,  and  indeed  it  has  been  maintained  that  it  would  depress 
it  2  ft.  or  more. 

Water  Escape  Below  Cairo. — Now,  in  1883  the  river  attained  a  higher 
point  at  Cairo  than  in  1882  or  in  any  other  year,  before  or  since.  The 
records  for  the  three  remarkable  seasons  of  1882,  1883  and  1884,  being 
the  means  for  six  successive  days,  are  51.55  ft.,  52.03  ft.  and  51.72  ft. 
The  measurement  of  the  flow  across  Bird's  Point  in  1883  was  taken  at 
a  stage  of  52.08  ft.,  so  it  fairly  represents  the  maximum.  Of  this 
volume  111  000  cu.  ft.  per  second  were  returned  within  8  miles  below 
Cairo,  and  37  000  cu.  ft.  more  at  about  13  or  14  miles  below;  but  there 
was  reported  a  great  outflow  in  the  bend  below  the  latter  point,  esti- 
mated at  more  than  300  000  cu.  ft.,  most  of  which  was  returned  again 
about  Columbus;  but  the    records  give  a  large  net  escape  until  New 
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Madrid  was  reached,  when  it  all  or  nearly  all  came  back  into  the  main 
riyer.  * 

Discharge  Across  "Points." — The  discharge  of  water  across 
"points,"  or  peninsulas  unprotected  by  leyees,  and  the  return  of  the 
same  water  in  the  bends  below,  sometimes  reaches  enormous  propor- 
tions. These  great  moyements  have  not  often  been  carefully  esti- 
mated. They  were  roughly  measured  iu  1883.  in  the  hydrographic  re- 
connaissance of  the  Saint  Francis  front  for  the  purpose  of  estimating 
the  water  escape  of  that  year,  and  they  seem  sometimes  to  haye  at- 
tained the  astonishing  figures  of  300  000  or  400  000  cu.  ft.  per  second. 
In  1893,  the  discharges  across  Ashbrook's  Point  and  Carter's  Point 
were  measured  by  Captain  Townsend  and  found  to  be  (at  the  highest 
stage)  about  200  000  and  300  000  cu.  ft.  respectively. 

Disturbances  of  Level. — It  would  seem  that  the  transference  of  these 
enormous  masses  of  water  could  not  take  place  without  serious  disturb- 
ances of  level  The  abstraction  of  200  000  cu.  ft.  of  water  per  second 
permanently  would  reduce  the  water  leyel  at  the  point  where  it  oc- 
curred at  least  2  or  3  ft.,  and  the  injection  into  a  stream  of  as  much 
water  from  a  tributary  should  raise  it  by  a  like  amount.  It  is  easily 
seen,  however,  that  where  the  outlet  and  the  return  inlet  are  only  10  or 
12  miles  apart,  such  processes  are  incompatible  with  one  another. 
The  whole  fall  of  the  river  in  14  miles,  in  the  neighborhood  of  Carter's 
Point,  is  only  about  4  ft.,  and  the  river  would  thus  be  reduced  to  an 
absolute  pond.  No  such  phenomenon  occurs.  The  slope  is  disturbed 
indeed,  but  not  to  any  such  extent,  which  would  involve  an  impos- 
sibility. In  1893  the  difference  of  water  level  between  the  upper  and 
the  lower  sides  of  Carter's  Point  at  high  water,  when  the  movement  of 
300  000  cu.  ft.  per  second  took  place  across  the  peninsula,  was  4.4  ft. 
in  a  distance  of  15.5  miles,  or  0.284  ft.  to  the  mile,  a  good  deal  less 
than  the  normal  for  the  whole  reach,  which  is  0.34,  and  correspond- 
ing to  a  disturbance  of  level  of  0.85  for  the  15.5  miles;  provided,  in- 
deed it  could  be  proved  that  the  normal  relation  would  have  existed  in 
this  particular  portion  of  the  reach.  This  cannot  be  assumed  without 
direct  evidence.  In  a  smaller  flood,  1891,  however,  the  relation  was 
5.3  ft.  for  the  same  distance,  or  a  slope  of  0.342  to  the  mile,  namely, 
about  the  normal.  There  was  a  considerable  discharge  across  the  point 
even  in  1891.     It  mav  be  concluded  that  the  difference  of  level  intro- 
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duced  by  the  combined  influence  of  fclie  outflow  and  Inflow  was  aboul  1 
ft .  By  fche  time  Greenville  was  reached,  4  miles  below,  the  slope  had 
been  restored  and  even  a  Little  more,  fche  fall  in  fche  1  miles  being  2.4  ft. 
Back  Water. — The  phenomenon  of  fche  rising  of  fche  water  surface 
on  fche  Lower  side  of  overflowed  ''points"  in  great  as  compared  with 
small  floods  has  boon  observed  by  levee  engineers,  and  allowance  is 
or  should  be  made  for  it  in  establishing  grades.  The  means  by  which 
the  slope  is  so  adjusted  as  to  carry  the  discharge  is  what  is  com- 
monly known  as  "back  water"; 
that  is,  the  effect  of  the  ingurgi- 
tation  into  the  stream  on  the 
lower  side   is  to  raise  the  water 

37 

surface,  and  this  immediately  acts 

50  ~ 

to  check  the  velocity  above,  and 
hence  to  increase   the  cross-sec- 
tion, and  this   to  a  considerable 
distance.    Without  discnssing  the 
general   question  of  back  water,  41 
which  has  been  made  the  subject  & 
of  a  good  deal  of  investigation,  it 
will  suffice  to  look  at  the  examples  a 
presented  by  recent  floods  in  the 
Mississippi.      One    example   has 
been  given  already  on  page  471,   «© 
in  the  effect  of  the  return  flow  at  fig.  33. 

Helena  upon  the  gauge  at  Mhoon's  Landing,  29.7  miles  above. 
Still  more  striking  illustrations  were  afforded  in  1882  and  1884  by 
the  great  return  flow  at  Vicksburg  from  the  Yazoo  Basin,  then  only 
partially  leveed.  The  effect  of  this  tremendous  engorgement  was 
very  perceptible  at  Hays's  Landing,  45.6  miles  above  Vicksburg,  as 
will  be  evident  by  an  inspection  of  the  hydrographs,  given  in  Fig.  33. 
From  the  Greenville  hydrograph,  it  is  plain  that  the  river  would  have 
been  falling  at  Hays's  Landing  on  March  18th,  1884,  had  it  not  been 
for  the  return  wave  at  Vicksburg,  the  influence  of  which  not  only 
kept  it  from  falling,  but  raised  it  about  1  ft.  The  curve  of  1882  was 
somewhat  affected  by  local  conditions.  Especially,  the  sudden  fall  at 
Hays's  Landing  on  March  21st  and  at  Vicksburg  on  March  22d  was 
due  to  several  great  crevasses  which  occurred  on  the  former  day,  some 
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10  miles   below  Hays's.     As  the  gauges  at  Greenville  and  at  Ha 
generally  move  nearly   parallel,   it    is  to  be  inferred  that,  instead  of 
rising  1  ft.  in  1884,  the  river  would  have   fallen   about  1.5  ft.   up  to 
March  25th,  had  it  not  been  for  the  back  water.     The  effect  of  the 
latter  has  been,  then,  to  raise  the  water  surface  at  Hays's  about  2.5  ft. 

The  relation  between  the  Yicksburg  gauge  and  that  at  Greenville 
is  not  so  well  established.  It  is  affected  by  the  stage  of  the  Yazoo 
River  and  by  other  causes,  but  it  is  safe  to  infer  that  the  gauge 
reading  at  Yicksburg,  from  the  discharge  which  passed  Greenville  in 
the  channel,  would  not  have  exceeded  11  ft.  There  was  a  rise,  there- 
fore, from  the  return  flow  of  the  Yazoo  Basin  of  at  least  5  ft.,  and 
half  of  this  effect  was  produced 45 miles  up  the  river.  An  effect  of  2  ft. 
was  rjroduced  at  Lake  Providence,  57  miles  above  Yicksburg,  and  it  is 
thought  to  have  been  distinctly  perceptible  as  high  as  Longwood,  in 
Mississippi,  98  miles  above  Yicksburg.  It  should  be  observed,  how- 
ever, that  the  greater  part  of  the  return  rjour  was  discharged,  not 
exactly  at  Yicksburg,  but  near  the  mouth  of  the  Yazoo,  10  miles 
above. 

Effect  of  Outlets  and  Inlets  Below  Cairo. — The  effect  produced  at 
Cairo  by  the  flow  across  Bird's  Point  for  a  few  days  would  not  have 
been  much  had  the  water  restored  to  the  channel  remained  there.  As 
it  was,  the  great  outlets  in  Lucas  Bend,  15  miles  below,  the  water  from 
which  was  partially  returned  near  Columbus,  21  miles  below  Cairo,  and 
the  most  of  the  remainder  10  to  15  miles  below  Cairo,  must  have  in 
some  measure  offset  the  return  below  Bird's  Point. 

As  to  the  quantity  discharged  over  the  latter  point,  there  is  room 
for  much  doubt.  The  same  observer,  in  1882,  at  a  stage  1.5  ft.  less, 
found  the  bank  of  Bird's  Point  exposed,  and  no  escape  at  all  from 
Commerce,  in  Missouri,  to  a  point  11  miles  below  Cairo.*  It  seems 
hardly  credible,  therefore,  that  the  Point  should  have  been  overflowed 
for  a  distance  of  2  or  3  miles,  to  a  depth  varying  from  9.5  to  11  ft.,  even 
at  the  highest  stage  of  1883.  From  the  very  crude  methods  employed, 
the  results  can  hardly  be  accepted  even  as  approximations. 

The  slope  Cairo-New  Madrid  in  1882  was  0.369  to  the  mile  ;  in 
1883,  0.370;  in  1880  (gauge  at  Cairo,  11.60  ft.),  0.358  ;  in  1893,  0.358. 
Therefore  the  gauge  height  at  Cairo  in  1882  was  not  diminished  below 
its  usual  relation,    but   rather   increased.     In   1882  the  New  Madrid 

*  "  Keport  of  the  Mississippi  River  Commission  for  1884,"  page  2597. 
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DIFFERENCE  IN  GAUGE  READINGS 
(CAIRO  ABOVE  NEW  MADRID) 
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gauge  Btood  a1  U.49  ft.,  iririle  that  at  Cairo  was  51.87  ft.,  a  diil'.-r- 
enoe  of  L0.88  ft.  In  L888  the  gauges  were  52.17  ft.  and  41.74  ft.,  a 
difference  of  10.48  ft.     In  L884  the  Qgurea  were  51.79  ft.      U.50  ft. 

10.29  ft.;  in  1880  they  were  14.60  ft. — 
34.70  ft.  =  9.90  ft.;  in  L886,  50.98  ft. 
—  40.38  ft.  =10.6  ft,;  1892,  48.3  ft, — 
37.7  ft.  =10.6  ft.;  in  L893,  49.3  ft.  —  38.7 

ft.  =10.6  ft.     New  Madrid  is  chosen  as 

the  standard  of  comparison  because  all 

or  almost  all  of  the  water  which  enters 

the  Saint  Francis  Basin  below  Commerce 

returns   by  the  New   Madrid  ridge  and 

passes  in   the  channel  at  New  Madrid. 

The  relation  between  the  Cairo  and  the 

New  Madrid  gauges  is  shown  in  Fig.  34. 

The   difference  between  them   increases 

with  height,  but  at  high  stages  it  seems 

nearly  uniform.      In  1892  and  1893  there 

could  have  been  little  or  no  escape   at 

Cairo;  and  the  fact  that  the   same  rela-    ^ 

o 
tions  prevailed  between  the  two  gauges    E 

in  the  three  great  floods  of  1882, 1883  and  ° 
1884  as  in  1892  and  1893  leads  to  the 
inference  that  there  was  no  extraordinary 
disturbance  at  Cairo,  unless  indeed  there 
was  a  similar  disturbance  at  New  Madrid. 
Now,  the  loss  of  volume  below  New 
Madrid,  either  in  1882  or  1883,  was  not 
considerable.  There  was  no  great  out- 
flow, even  as  shown  by  the  observations 
of  1883,  for  about  50  miles  below  that  fig.  34. 
station.  There  is  reported,  indeed,  a  great  inflow  just  above  it; 
but  without  a  corresponding  outlet  below,  there  should  have  been 
no  depression  of  the  water  line  at  New  Madrid.  A  difference  of  11  ft. 
between  the  Cairo  and  New  Madrid  gauges  is  probably  not  far  from 
the  truth.  This  relation  would  give  for  a  confined  river,  in  1882,  a 
gauge  height  at  Cairo  of  52.5  ft. 

*  Deduced  from  the  high-water  observations  of  1882.  The  gauge  here  mentioned  is  in 
strictness,  the  Morrison's  Landing  gauge,  which  is  1.3  miles  above  New  Madrid.  Lately  (1893) 
a  new  gauge  has  been  set  up  at  New  Madrid  proper,  and  the  Morrison's  Landing  gauge  dis- 
continued ;  38.7  on  the  latter  corresponds  to  38.1  on  the  former. 
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Discrepancies  in  Estimates  of  Escapes  Over  Banks. — The  estimates  of 
flow  over  the  banks  in  1883  seem  excessive  from  another  point  of  view. 
It  was  seen  that  in  1882  the  quantity  of  water  reported  as  passing  at 
Columbus  outside  of  the  channel  was  about  8G  000  cu.  ft.  In  1883  it 
is  reported  at  300  000  cu.  ft.  or  more.  The  difference  in  the  mean 
gauge  readings  at  Cairo  was  0.5  ft.  The  reading  at  New  Madrid  was 
0.25  higher.  Very  nearly  the  same  conditions  prevailed  in  the  Yazoo 
Basin  and  the  Saint  Francis  Basin.  The  gauge  at  Helena  was  lower 
by  0.3  ft.  Therefore  the  discharge  could  not  have  been  considerably 
greater  in  1883.  Therefore  either  the  estimate  of  1882  was  too  small  or 
that  of  1883  was  too  great.  By  taking  the  discharge  observations  at 
New  Madrid  in  1893,  it  will  be  found  that  a  stage  of  41.5  ft.  on  the 
Morrison's  Landing  gauge  (40.9  ft.  on  the  present  New  Madrid  gauge) 
corresponds  to  a  discharge  of  about  1  600  000  cu.  ft.  It  is  therefore 
fair  to  infer  that  this  was  about  the  actual  discharge  which  passed 
Cairo  in  1882,  and  that  the  gauge  height  at  the  latter  point,  if  the  river 
had  been  confined,  would  not  have  exceeded  52.5  ft. 

Relations  between  Helena  and  Arkansas  City. — At  Helena,  according 
to  Captain  Townsend's  reasoning  the  height  would  have  been  a  little 
greater,  about  53.0  ft.  From  the  estimate  given  on  page  475,  a  very 
similar  conclusion  is  drawn.  Now,  what  will  this  correspond  to  at 
Arkansas  City,  with  the  White  and  Arkansas  Rivers  at  low  and  at 
high  stages  respectively? 

It  is  very  difficult  to  eliminate  from  the  evidence  the  effect  of  the 
discharge  from  the  tributaries.  Taking  only  well  defined  and  pro- 
longed flood  waves,  and  using  the  averages  for  several  days,  it  will  be 
found  that  for  low  stages  of  the  White  and  Arkansas  Rivers,  the 
Arkansas  City  gauge  usually  stands  about  0.4  ft.  or  0.5  ft.  above  Cairo, 
or  in  fact  nearly  equal  to  the  Helena  gauge.  When  the  tributaries  are 
in  great  flood,  Arkansas  City  has  been  known  to  be  as  much  as  4.7  ft. 
the  higher.  At  the  same  time,  it  was  3.9  ft.  higher  than  Helena.  This 
was  in  May,  1885,  when  the  Mississippi  was  at  a  stage  less  than  bank- 
full.  Generally,  at  high  stages,  but  with  a  confined  river,  it  may  be  said 
that,  with  equal  discharges,  Arkansas  City  stands  a  little  higher  than 
Cairo.  In  1893,  for  instance,  with  a  discharge  of  about  1  450  000  cu. 
ft.  at  Cairo,  the  gauge  stood  at  about  49.25  ft.  for  seven  days.  At 
Arkansas  City,  for  a  like  discharge,  it  stood  at  50.0  ft. 

Effect  of  Floods  from  the  White  and  A  rkansas  Kivers.  —Now,  what  would 
be  the  effect  upon  the  gauge  at  the  latter  place  of  a  great  flood  from 
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the  two  tributaries     for  they  nearly  always  oome  oul  together?    A    a 
genera]  rule,  the  upper  waters  of  the  Arkansas  Ilivci'  contribute  Little 
to  the  Mississippi,  flowing  through  an  arid  ami  Bandy  region.     It  is 
from  the  abundant  rainfall   upon  the  southern  slope  <>f  the  Ozark 
Mountains  that  the  damaging  floods  derive  their  origin,  or  at  leasl 
receive    their    principal    increment.     The    White    River    drains   the 
northern  slope  of  the  same  range;  and  the  storms  which  produce  a 
freshet  in  one  bring  out  the  other  also,  as  well  as,  ordinarily,  the  Saint 
Francis.     The  flood  of  May,  1885,  just  mentioned,  reached  28.60  ft.  at 
Little  Rock  (engineers'  gauge)*  and  25.60  ft.   at  Jacksonport.     This 
should  have  corresponded  to  a  discharge,  as  measured,  of  about  330  000 
en.   ft.   for  the  two  rivers.     This  and  the  increment  from  the  Saint 
Francis,  whatever  it  may  have  been,  raised  the  gauge  at  Arkansas  City 
about  4.7  ft.     The  greatest  flood  which  has  occurred  since  the  time  of 
accurate   observation,  and  one   of  the  greatest  ever   known  in  these 
rivers,  took  place  in  May,  1892.     This  flood  reached  31.2  ft.   at  Little 
Rock,   and  30.4  ft.  at  Jacksonport.     The  measured  discharge  at  the 
former  place  is  given  as  456  000  cu.   ft. ,  but  this  is  believed  to  have 
been  excessive.     Judging  from  the  observations  of  1879  and  of  1893,  it 
should  have  been,  for  an   average  of   several  days,  more  than  300  000 
cu.  ft.     In  White  River  it  was  about  170  000  cu.  ft.     The  result  of  this 
addition  to  the  discharge  of  the  main  river  should  have  been  an  in- 
crease of  height  (reasoning  from  the  experience  of  1885)  of  about  6  ft. 
at  Arkansas  City  over  Cairo.     The  reading  at  the  latter  station  was, 
for   a   mean   of   six  days,    48.0  ft.     The  height  actually  recorded  at 
Arkansas  City  was  50  ft.     There  was  a  loss  of  water  estimated  at  300  000 
cu.  ft.  per  second  around  the  end  of  the  levee  above  Arkansas  City, 
a,nd  there  was  a  considerable  crevasse  14  miles  below  that  place,  dis- 
charging, it  was  said,  about  80  000  cu.  ft.     In  1893,  the  discharge  from 
the  tributaries,  at  the  height  of  the  flood,  may  be  estimated  at  100  000 
cu.  ft.     The  loss  around  the  end  of  the  Cypress  Creek  levee  is  given 
as  97  000  cu.  ft.     Consequently  the  gauge  stood  at  nearly  its  normal 
relation  to  Cairo. 

In  1882,  at  the  crest  of  the  flood,  the  White  River  was  discharging 
about  90  000  cu.  ft.  and  the  Arkansas  a  little  less. 

At  High  Water,  the  Tributaries  Discharge  Partly  Through  the  Basin. — 
It  must  not  be  forgotten  that  the  two  great  tributaries  which  empty 
above  Arkansas  City  do  not  pour  the  whole  of  their  discharge  at  high 

*  There  are  no  less  than  three  gauges  at  Little  Rock,  and  they  are  frequently  confused. 
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water  directly  into  the  Mississippi.  At  such  times  the  bank  is  over- 
flowed to  the  depth  of  several  feet,  in  some  places  15  ft.  or  20  ft.,  and 
the  entire  White  River  Basin  is  converted  into  a  lake  of  1  000  square 
miles  area,  or,  including  portions  of  the  valleys  of  the  two  rivers  within 
the  reach  of  back  water,  of  1200  square  miles.  Through  this  lake  a 
part  of  the  discharge  of  the  two  rivers  pours,  the  greater  portion 
through  the  mouth  of  White  River,  the  rest  through  the  old  mouth  of 
the  Arkansas.  A  considerable  fraction  of  the  combined  river  dis- 
charge and  overflow  water,  however,  goes  to  swell  the  volume  of  the 
lake,  and  is  carried  with  a  gentle  current  to  the  foot  of  the  basin,  a 
few  miles  above  Arkansas  City,  where  it  is  Anally  emptied  into  the 
main  river.  The  lake  partially  acts  as  a  regulating  reservoir,  and 
sharp  discharge  waves  are  modified  by  it. 

Effect  on  Gauge  Height  of  Discharge  of  Tributaries. — Why  a  discharge 
of  the  tributaries  of  330  000  cu.  ft.  in  May,  1885,  should  produce  an 
increase  of  height  at  Arkansas  City  over  Helena  of  only  3.9  ft.  remains 
to  be  examined.  It  has  been  seen  that  at  high  stages  about  50  000 
cu.  ft.  increase  of  discharge  corresponds  to  1  ft.  increase  of  height. 
An  addition  of  330  000  cu.  ft.,  therefore,  should  produce  a  difference 
between  Helena  and  Arkansas  City  of  6.6  ft. 

It  has  long  been  known  that  the  discharge  of  a  stream  after  the  re- 
ception of  a  tributary  is  less  than  the  combined  discharges  of  the  two. 
This  is  principally  ascribable  to  two  causes.  First,  the  freshets  from 
the  tributaries  do  not  reach  the  main  stream  at  the  crest  of  its  own 
principal  rise;  and  second,  the  channels,  and,  still  more,  the  flood  plains 
of  the  minor  streams,  where  such  exist,  have  a  considerable  reservoir 
capacity,  by  which  the  excessive  discharges  of  the  latter,  always 
comparatively  brief,  are  held  back  and  distributed  over  several  days. 

The  most  formidable  freshets  of  the  White  and  Arkansas  Rivers,  as 
has  been  stated,  owe  their  origin  to  the  rain  which  falls  on  the  north- 
ern and  southern  slopes  of  the  Ozark  Mountains  and  their  outliers. 
These  rains  are  sometimes  very  heavy.  In  May,  1892,  at  one  station 
in  the  Arkansas  Valley,  a  fall  for  the  month  of  18.5  ins.  was  reported, 
and  the  general  depth  of  rain  on  both  slopes  of  the  mountains  was 
about  12  ins. 

The  cyclonic  storms  from  which  this  precipitation  proceeds  now 
continue  on  their  way  to  the  upper  waters.  They  drench  the  valley  of 
the  Ohio  in  spring  or  of  the  Missouri  and  upper  Mississippi  in  sum- 
mer, one  or  two  days  after  they  have  done  their  work  in  Arkansas. 
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N«'\v  the  floods  of  fche  lower  tributaries  reaoli  their  mouth  in  three 
or  four  days.  Those  <>r  the  upper  rivers  do  ool  gel  to  the  same  point 
for  nine  or  ten  .lavs  ;  or  it'  they  have  to  pass  through  the  Sainl  Fran- 
ks Basin,  not  for  three  weeks.     Consequently  the  freshets  from  the 

White  and  Arkansas  have  done  their  worst  before  the  main  rise  comes, 
and  when  it  reaches  their  moid  li.  it  finds  them  falling. 

In  1885,  the  Arkansas  attained  its  maximum  at  Little  Rock  on  April 
27th  to  29th;  the  White  River  at  Jacksonport  on  April  28th.  The 
Mississippi  reached  its  height  at  Helena  on  May  4th,  and  the  crest  of 
the  rise  reached  the  joint  mouth  of  the  two  tributaries  about  May  6th. 
By  that  time,  the  minor  rivers  had  fallen  several  feet,  and  their  joint 
discharge  probably  did  not  exceed  the  200  000  cu.  ft.  accounted  for  1  >  y 
the  rise. 

Unfortunately,  no  discharges  were  taken  at  Arkansas  City  during 
the  second  flood  of  1885,  in  May,  but  reasoning  from  the  measure- 
ments made  during  the  previous  rise  in  January,  the  masses  of  water 
which  passed  the  two  places  did  not  differ  by  more  than  the  above 
quantity.  The  discharge  at  Helena,  at  the  climax  of  the  May  flood,  at 
the  maximum  stage  of  38.75  ft.,  seems  to  have  been  about  950  000  cu. 
ft.  ;  and  the  Arkansas  City  discharge,  four  days  later,  at  a  height  of 
42.60  ft.,  should  have  been  about  1  140  000  cu.  ft.  The  difference  be- 
tween these  quantities,  or  190  000  cu.  ft.,  should  represent,  within 
pretty  narrow  limits,  the  addition  to  the  volume  of  the  flood  between 
Helena  and  Arkansas  City. 

In  1892,  the  Arkansas  reached  the  tremendous  height  of  31.2  ft.  at 
Little  Rock  on  May  21st.  The  White  River  touched  30.4  ft.  at  Jack- 
sonport. Now  the  Mississippi  had  passed  its  maximum  at  Helena  by 
three  weeks  when  this  storm  came,  and  had  fallen  1.3  ft.;  and  the 
subsequent  rise,  which  was  due  to  the  storm,  reached  the  mouth  of 
White  River  about  June  16th,  when  it  encountered  the  end  of  another 
rise,  also  of  very  formidable  proportions. 

But  though  it  should  happen  that  the  crest  of  the  rise  of  the  main 
river  should  meet  a  tributary  while  at  its  greatest  height,  yet  the  effect 
upon  the  Mississippi  will  not  be  equal  to  that  due  to  the  maximum  dis- 
charge of  the  tributary,  unless  the  latter  keep  up  for  a  month  or  so. 

Topography  of  White  River  Basin. — What  is  commonly  known  as 
the  White  River  Basin  does  not  represent  the  whole  reservoir  surface 
available  for  the  impounding  of  the  waters  of  the  two  tributaries 
while  in  flood.     The  White  River  itself  has  a  wide  bottom,  averaging, 
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perhaps,  4  or  5  miles  in  breadth.,  and  it    overflows   its    hunks    very 

readily.  At  Clarendon,  it  overflows  at  a  stage  of  about  24  It.,  some  10 
ft.  below  high  water.  The  Arkansas  has  a  still  wider  and  deeper 
bottom  from  Pine  Blnff  down,  some  10  miles  in  breadth.  The  com- 
bined area  of  the  basin  proper  and  these  outliers  is  about  1  160 
square  miles.  When  the  Mississippi  is  high,  the  entire  basin  is 
rilled,  either  from  the  main  river  or  the  tributaries,  or  both,  the 
back  water  extending  a  long  distance  up  both  the  minor  streams. 
When  the  Mississippi  is  about  bank-full  and  the  tributaries  very  high, 
the  latter  still  overflow  their  banks,  especially  White  River,  which  is 
a  stream  of  flat  slope  in  its  lower  part.  Of  the  main  basin  some  parts 
are  very  low,  far  below  mean  high  water  or  bank-full  of  the  Missis- 
sippi, and  such  regions  are  overflowed  in  all  considerable  freshets  of 
the  subsidiary  streams,  which  usually  coincide  with  tolerably  or  ex- 
ceedingly high  stages  of  the  Mississippi. 

Effect  of  the  Basin  as  a  Reservoir. — If  the  maximum  discharge  of  the 
Arkansas  and  White  Rivers  combined  for  several  days  is  assumed  to 
be  500  000  cu.  ft.,  and  if  this  volume  is  supposed  to  be  poured  into  the 
White  River  Basin,  already  overflowed  from  the  main  river,  it  will  in- 
undate it  in  one  day  to  the  depth  of  1.33  ft.  If  the  discharge  of  the 
Mississippi  is  assumed  to  be  increased  at  the  rate  of  50  000  cu.  ft. 
for  each  foot  of  rise,  the  rise  of  1.33  ft.  will  increase  the  discharge  by 
about  66  500  cu.  ft.  in  the  first  24  hours,  or  for  the  average  of  the  day, 
33  250  cu.  ft.  This  increased  discharge  will  have  the  effect  of  lowering 
the  water  in  the  basin  about  0.09  ft.  The  net  rise  in  the  basin  in  the 
first  24  hours  will  be  1.24  ft. 

On  the  second  day  there  will  enter  the  basin  500  000  cu.  ft.  per 
second  as  before,  but  there  will  leave  the  basin  62  000  cu.  ft.,  making 
the  net  gain  438  000  cu.  ft.  This  will  raise  the  basin  about  1.17  ft. 
more;  but  this  rise  will  cause  an  additional  discharge  of  58  500  cu.  ft., 
or  for  the  average  of  the  second  day,  29  250  cu.  ft.  This  will  cause  a 
fall  of  about  0.08  ft.;  net  rise  of  the  basin,  1.09  ft. ;  total  rise,  2.33  ft. 
Third  day,  net  discharge  into  the  basin,  383  500  cu.  ft. ;  rise,  1.02  ft. ; 
additional  mean  discharge,  25  000  cu.  ft.;  consequent  fall,  0.07  ft. ;  net 
rise,  0.95  ft.;  total  rise,  3.28  ft.  A  continuation  of  this  process 
gives  for  the  fourth  day:  Total  rise,  4.11  ft.;  fifth  day,  4.88  ft.;  sixth 
day,  5.52  ft.;  seventh  day,  6.06  ft.  On  the  ninth  day  the  rise  of  the 
basin  would  be  about  7  ft. ;  on  the  twelfth  about  8  ft. ;  on  the  seven- 
teenth about  9  ft. ;  in  a  month,  about  9.8  ft. 
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The  freshets  of  the  White  and  Arkansas  Rivers  do  qoI  remain  long 
at  an  excessive  height.  In  the  great  flood  of  1892,  the  Arkansas  re- 
mained at  an  extreme  stage  of  30  ft.  or  more  at  Little  Rock  for  Ave 
davs.  Its  extreme  discharge  of  400  000  on.  ft.,  or  whatever  it  was,  was 
for  only  one  day.  The  stage  of  30  ft.  at  Little  Rock  seems  to  corre- 
spond to  a  discharge  of  abont  300  000  cu.  ft.  The  water  fell  in  two 
more  days  to  28  ft.,  and  in  two  more  to  2G  ft.,  indicating  discharges  of 
260  000  on.  ft.  and  220  000  cu.  ft.  respectively.  At  Clarendon,  the  high 
stage  was  maintained  with  greater  persistency  from  the  effect  of  hack 
water,  but  the  discharge  decreased  from  the  falling  off  of  the  supply 
from  above,  and,  consequently,  the  diminished  slope. 

Now,  the  rapid  decrease  of  the  supply  into  the  reservoir  very  soon 
equalizes  the  inflow  and  the  outflow,  and  presently  the  latter  becomes 
the  greater. 

It  must  not  be  forgotten,  however,  that  the  tributaries  sometimes 
remain  for  weeks  together  at  stages  much  greater  than  the  average.  In 
1890,  White  River  remained  for  four  months  at  an  average  stage  of 
about  26  ft.  at  Jacksonport,  and  was  never  below  21  ft.  In  such  cases 
the  actual  discharge  produces  its  full  effect,  or  nearly  so. 

Estimation  of  Maximum  Discharge. — In  estimating,  then,  the  maxi- 
mum discharge  which  has  passed  down  the  Mississippi  in  a  given  year 
at  Helena,  it  will  not  be  proper  to  take  the  maximum  discharge  at 
Cairo  and  add  to  it  the  maximum  discharge  of  the  Saint  Francis;  and 
for  Arkansas  City,  to  increase  this  by  the  maximum  discharge  of  the 
White  and  Arkansas.  Such  a  process,  in  1882,  resulted  in  absurd 
overestimates ;  and,  indeed,  the  discharge  of  that  year  has  always  been 
exaggerated.  As  it  is  a  matter  of  great  consequence  to  obtain  correct 
information  on  this  point,  a  revision  of  the  figures  which  have  been 
presented  will  be  made. 

At  Columbus. — A  probable  value  for  the  Columbus  discharge  was 
found  from  the  observations  of  that  year  to  be  1  573  000  cu.  ft.  To  this 
quantity  a  correction  of  2%  should  be  applied  for  the  defective  formula, 
bringing  the  net  discharge  to  about  1  540  000  cu.  ft.  This  corresponds 
with  the  results  of  the  Columbus  and  New  Madrid  observations  of 
1893,  quoted  on  page  467.  Besides  this,  there  was  an  escape  over  the 
banks,  estimated  at  86  000  cu.  ft.  Reasons  have  been  given  for  doubt- 
ing or  altogether  discrediting  these  estimates,  and  the  calculation  on 
page  481,  made  from  the  New  Madrid  measurements  of  1893,  of  1  600  000 
cu.  ft.   for  the  total   discharge  of  1882  at   Columbus,  including  what 
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passed  outside  of  the  channel,  seems  entirely  reasonable.  It  may  be 
affirmed  that  the  measurements  of  1893,  checked  at  two  points,  made 
with  the  best  instruments,  by  experienced  men,  and  with  the  precau- 
tions shown  to  be  necessary,  and  agreeing  well  together,  taken,  more- 
over, near  extreme  flood,  are  safe  and  trustworthy  sources  of  informa- 
tion. 

At  Arkansas  City. — The  White  River  was  at  a  stage  of  21.8  ft.  at 
Jacksonport  when  the  crest  of  the  rise  passed  the  mouths  of  the  two 
rivers;  the  Arkansas  marked  15.1  ft.  at  Little  Rock,  and  both  were  sta- 
tionary, after  having  been  much  higher.     It  is  likely,  therefore,  that 
they  contributed  nearly  their  full  discharge,  which  was  probably  about 
140  000  cu.  ft.     If  50  000  cu.  ft.  is  added  for  the  discharge  of  the  Saint 
Francis,  there  will  be  about  1  790  000  cu.  ft.   for  the  volume  which 
would  have  passed  Arkansas  City  in  a  second  in  1882  in  a  confined  river. 
This  estimate,  however,  is  subject  to  deductions  from  several  causes. 
Deductions  from  Above  Estimate. — The  channel  and  flood  plain  of  the 
river  afford  a  considerable  reservoir  surface,  to  fill  which  will  consume 
a  portion  of  the  discharge.     This  effect  is  particularly  marked,  as  has 
been  observed  by  Humphreys  and  Abbot,  *  toward  the  upper  part  of  the 
alluvial  valley,  where  the  oscillations  of  height  at  the  several  gauge  sta- 
tions are  sharper  and  more  frequent.   The  effect,  however,  is  cumulative, 
and  the  diminution  of  discharge  continues  as  the  river  is  descended. 
The  extent  of  the  reservoir  influence  will  depend  mainly  on  the  dura- 
tion of  the  rise.     It  is  believed  that  an  undue  importance  was  attached 
to  it  by  Humphreys  and  Abbot,  who,  reasoning  from  the  experience 
of  a  short  rise  in  1858,  estimated  a  regular  loss  of  140  000  cu.  ft.  of  dis- 
charge between  Cairo  and  Helena.      Such  a  loss  may  occur  where  a 
heavy  and  sharp  flood  comes  out  on  a  low  river  and  is  succeeded  by  a 
rapid  decline,  but  it  cannot  take  place  when  the  channel  is  already  full 
and  when  the  highest  stage  of  the  rise  is  prolonged  for  several  days. 
Even  under  these  circumstances,  however,  the  reservoir  influence  is 
very  perceptible.     At  Columbus,   in  1882,  the  high  stage  of  102.8  ft. 
lasted  only  for  a  single  day.     In  four  days  more  the  river  had  fallen  to 
102.1  ft.,  and  the  discharge  presumably  from  1  600  000  to  1  560  000  cu. 
ft.     Now  it  takes  about  four  days  in  a  confined  river  for  the  crest  of 
the  rise  to  pass  from  Columbus  to  Helena.     Taking  the  case  of  a  con- 
fined river,  and  assuming  the  distance  between  levees  when  completed 
to  be  the  same  as  already  exists  between  Arkansas  City  and  Wilson's 
*  "  Report  on  th£  Physics  and  Hydraulics  of  the  Mississippi  River,"  p.  371. 
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Point,  namely,  about  2.5  miles,  the  reservoir  spaa  at  high  tratar  be- 
tween Columbus  and  Helena  will  be  about  712  Bquare  miles,  or  about 

L9  850  000  000  sq.    ft.       The  rise  at    Helena  ill    four  day-  was    about   1  ft. 

The  river  at  Columbus  wilJ  be  supposed  to  be  stationary  (it  varied  from 
102.62  ft.  to  102.7'.)  ft.).  To  fill  the  basin  an  average  of  0.5  ft.  in  one 
day  would  take  about  10  000  000  000  on.  ft.,  or  in  four  days  about 
2  500  000  000  cu.  ft.  This  is  equivalent  to  about  28  900  cu.  ft.  per 
second.  This  much  of  the  discharge,  therefore,  Avill  be  consumed  in 
filling  the  reservoir  during  the  process  of  raising  the  river  at  Helena 
1  ft.,  and  the  discharge  which  passes  Helena  will  be  less  than  the  dis- 
charge which  has  passed  Columbus  by  so  much.  On  the  fifth  day,  the 
discharge  will  be  reduced  by  the  fall  from  above  by  abont  the  same 
amount  (from  about  1  600  000  to  1  571  500  cu.  ft.),  and  the  next  day  by 
as  much  more.  As  an  approximation,  the  maximum  discharge  pass- 
ing Helena  in  1882,  in  a  confined  river,  would  have  been  nearly  30  000 
cu.  ft.  per  second  less  than  passed  Columbus.  At  Arkansas  City,  by 
the  same  mode  of  reasoning,  the  loss  would  have  been  increased  to 
about  42  000  cu.  ft. ,  at  Wilson's  Point  to  52  000  cu.  ft. 

Experience  with  confined  waters  at  time  of  extreme  flood  is  very 
limited.  That  condition  is  usually  soon  disturbed  by  crevasses  and 
other  complications.  It  is  a  time  of  great  activity,  anxiety  and  worry, 
and  accurate  observations  of  the  behavior  of  the  river  are  scarce. 
With  such  unknown  conditions,  it  is  possible  that  unexpected  phe- 
nomena may  be  developed,  causing  an  increased  discharge  to  pass 
at  very  high  stages.  From  causes  which  are  already  known,  it  is 
likely  that  flood  heights  at  such  stages  will  be  diminished  still  further 
below  the  estimates  given. 

First. — No  account  has  been  taken  of  the  discharge  over  banks  or 
between  the  margin  of  the  river  on  either  side  and  the  adjacent  levee. 
The  average  distance  betwreen  levees,  as  has  already  been  remarked, 
from  Arkansas  City  and  Wilson's  Point,  is  about  2.5  miles,  of  which 
space  the  river  occupies  nearly  one-third.  The  levees  are  something 
like  12  ft.  high.  As  the  flood  water  gets  deeper  over  these  "fore- 
shores," its  velocity  will  increase  rapidly.  Even  now,  the  "  over-bank 
discharge  "  is  an  element  which  must  be  taken  into  account  in  every  set 
of  high-water  measurements.  At  Arkansas  City,  in  1893,  at  the  highest 
stage,  this  was  estimated  at  9  000  cu.  ft.,  and  at  Wilson's  Point  it  was 
over  30  000  cu.  ft.  Of  course,  the  influence  of  this  element  will  not  be 
confined  to  the  local  space  at  each  point  that  may  lie  between  the 
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levee  and  the  river,  but  will  depend  on  the  genera]  section  or  the  con- 
trolling section,  whatever  it  may  be. 

Second. — At  high  stages  the  river  flows  between  "  water  banks,"  as  is 
often  expressively  said,  for  the  upper  part  of  its  section,  namely,  that 
which  is  over  bank-full  height.  Thus  the  friction  and  local  disturb- 
ance ought  to  be  somewhat  diminished.  It  is  not  easy  to  estimate 
accurately  the  value  of  this  element,  but  it  would  probably  be  not  very 
great.  In  the  ordinary  formula,  the  substitution  of  banks  of  water 
for  banks  of  earth  for  the  upper  10  ft.  of  the  section,  even  supposing 
the  "water  banks"  to  exert  no  resistance  at  all,  would  make  a  dif- 
ference of  only  about  0.02  ft.  per  second  in  the  velocity,  or  say  5  000 
cu.  ft.  in  the  discharge. 

Third. — It  has  been  seen  that  it  is  possible  for  serious  permanent 
alterations  to  occur  in  the  bed  of  the  river,  and  that  the  slope  also 
undergoes  modifications.  This  simply  means  that  the  river  is  relatively 
lower  at  some  points  than  it  used  to  be,  as  compared  with  the  stand- 
ard, Arkansas  City.  The  confinement  of  the  river,  more  or  less  com- 
plete, might  be  expected,  indeed,  to  produce  some  effect  on  the  bed. 
If  a  deterioration  of  the  latter  was  brought  about  by  the  loss  of  volume 
over  the  banks,  then  it  might  reasonably  be  hoped  that  the  retention 
of  the  water  formerly  lost  by  dispersion  would  have  the  effect  of 
lowering  the  bottom  in  those  places,  so  as  to  conform  more  nearly  to 
the  high-water  slope. 

Very  sanguine  expectations  have  been  entertained  of  the  scouring 
action  of  the  powerful  high- water  forces  thus  brought  into  play.  As 
the  river  never  has  been  completely  restrained;  it  cannot  be  said  that 
the  experiment  has  yet  been  fairly  tried.  The  enlargement  of  cross- 
section  at  Wilson's  Point,  previously  noticed,  seems  to  have  occurred  in 
one  season,  from  1890  to  1891,  and  it  has  changed  but  little  since  that 
time.  The  relation  between  the  gauges  at  Arkansas  City  and  Lake 
Providence  appears  to  have  undergone  no  considerable  alteration  since 
1885.  The  section  at  Arkansas  City,  with  all  its  temporary  mutations, 
remains  the  same.  The  discharge  does  not  pass  at  a  materially  lower 
height  than  might  have  been  predicted  from  the  experience  of 
previous  years.  So  far,  in  the  part  of  the  river  considered,  the  hopes 
entertained  have  not  been  realized. 

Revised  Estimate. — For  all  these  causes,  it  seems  reasonable  to  sup- 
pose that  the  extreme  discharge  of  1  790  000  cu.  ft.  found  for  Arkansas 
City  in  1882  would  have  been  diminished  by  at  least  55  000  cu.  ft. , 
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perhaps  more,  and  thai  fche  maximum  actual  discharge  which  would 
have  passed  id  ;i  confined  Btream  ld  thai  year  would  have  been  not 
greater  than  1  7:55  ooo  ou.  ft.  This  would  require,  l>y  the  methods 
previously  used,  a  gauge  height  ol  about  55.8  ft. 

It  will  l>o  well  to  compare  fche  Hoods  of  more  recent  years,  and 
Bee  whether  the  high  water  of  1882  was  really  the  greatest  of  which 
there  is  any  record,  and  consequently  whether  it  was  correctly  adopted 
as  a  standard. 

In  1883,  the  river* attained  its  greatest  recorded  height  at  Cairo. 
There  was  a  considerable  flood  in  the  Arkansas  and  White  Rivers,  but 
it  did  not  coincide  with  the  crest  of  the  main  rise.  The  river  below 
Arkansas  City  was  at  an  unusually  depressed  stage  when  the  rise  began; 
so  the  reservoir  capacity  of  the  channel  was  very  great.  Consequently 
the  flood  wave  flattened  out,  and  the  gauge  at  Vicksburg  was  5  ft. 
lower  than  in  1882. 

The  flood  of  1884  was  one  of  the  greatest  ever  known.  It  may 
fairly  be  compared  with  1882.  The  gauge  at  Cairo  and  at  Helena  was 
nearly  the  same  as  in  1882.  At  Vicksburg  it  was  0.15  ft.  higher.  No 
material  change  had  occurred  in  the  situation.  No  discharges  were 
taken  in  1884,  and  it  is  not  easy  to  institute  minute  comparisons  be- 
tween them. 

In  1886,  there  was  a  short  and  sharp  rise  which  reached  51  ft.  at 
Cairo  and  48.1  ft.  at  Helena,  the  levees  of  the  upper  Yazoo  District 
having  been  recently  rebuilt.  There  were  no  serious  freshets  from  the 
White  and  Arkansas  Rivers,  and  the  river  at  Vicksburg  was  4.6  ft. 
lower  than  in  1882. 

There  was  a  great  flood  in  1890.  It  was  not  very  high  at  Cairo, 
only  48.8  ft.,  but  it  was  very  long  and  persistent,  and  it  was  accom- 
panied by  an  unparalleled  stage  of  White  River,  wrhich  stood  for  four 
months  at  a  mean  height  of  26  ft.  at  Jacksonport,  the  highest  being 
33.2  ft.  (the  greatest  on  record),  and  the  lowest  20  ft.  The  Arkansas 
was  not  so  high,  but  was  above  medium  stage  most  of  the  time. 
There  were  two  great  freshets  of  the  tributaries,  the  former  and 
greater  of  which  occurred  before  the  Mississippi  had  reached  its 
height.  The  second  took  place  in  April,  after  the  main  rise,  but  dur- 
ing the  later  rise  which  succeeded  the  first,  which  was  nearly  as  high. 
The  mean  of  twelve  consecutive  days  at  Helena  gives  a  discharge  of 
about  1  470  000  cu.  ft.  (reduced)  at  an  average  stage  of  47.24  ft.,  with 
a   crevasse  19   miles   above,  discharging   about   30  000   cu.    ft.      The 
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Arkansas  and  White  Rivers  no  doubt  added  some  200  000  cu.  ft.  to 
this  volume,  making  in  all  about  1  700  000  cu.  ft.  There  were  man} 
breaks  in  the  levees  on  both  sides  of  the  river. 

The  flood  of  1892  reached  a  height  at  Cairo  of  only  48.3  ft.,  and 
remained  there  only  a  short  time.  The  year  would  not  have  been  re- 
markable had  it  not  been  for  the  tremendous  outpour  of  the  Arkansas, 
accompanied  by  a  very  high  stage  of  the  White  River,  shortly  before 
alluded  to,  which  made  it  extremely  formidable,  and  would  indeed 
have  made  it  disastrous  to  the  levees  had  it  not  been  for  the  escape 
of  a  large  part  of  the  waters  of  the  Arkansas  around  the  head  of  the 
Tensas  Basin  system.  The  discharge  at  Columbus  is  given  as  about 
1  380  000  cu.  ft.  for  a  mean  of  five  days,  but  as  the  velocities  were 
taken  at  0.6  depth,  a  correction  should  be  applied,  which,  at  Colum- 
bus, would  amount  to  5%  or  so.  At  Helena,  for  six  days,  the  discharge 
is  reported  as  1  302  000  cu.  ft.,  but  as  the  meter  had  not  been  rated  dur- 
ing the  season,  the  results  here  and  at  Columbus  cannot  be  relied  on. 
The  Arkansas  City  discharges  taken  at  and  after  the  height  of  the  rise 
seem  to  be  free  from  the  disturbing  influences  which  had  caused  so 
much  trouble  earlier  in  the  season,  and  are  coherent  and  consistent 
with  the  measurements  of  the  succeeding  year.  For  a  mean  of  ten 
days  at  the  top  of  the  flood,  the  discharge  is  given  as  about  1  450  000 
cu.  ft.;  corrected  for  0.6  depth,  by  the  factor  habitually  used  in  1893 
at  Arkansas  City,  about  1  425  000  cu.  ft.  The  overflow  around  the 
end  of  the  levee  and  through  breaks  along  the  Arkansas  River  was 
estimated  at  about  280  000  cu.  ft.  These  estimates  are  always  too 
great.  Doubtless  the  total  discharge  was  between  1  650  000  and 
1  700  000  cu.  ft, 

The  flood  of  1893  has  been  pretty  thoroughly  discussed.  The  total 
discharge  passing  Arkansas  City  would  no  doubt  have  been  about 
1  600  000  cu.  ft. 

It  is  now  possible  to  answer  the  question  propounded  on  page  475, 
which  was  the  cause  of  the  discussion  of  the  effect  of  reservoirs  on  the 
discharges  of  tributaries,  namely,  whether  the  increased  gauge  height 
produced  at  Helena  by  the  confinement  of  the  river  would  be  propa- 
gated down  stream.  In  1882,  at  Arkansas  City,  the  height  would  have 
been  about  55.8  ft.,  and  the  discharge  of  the  two  tributaries  would 
have  increased  the  gauge  height  at  Arkansas  City  about  3  ft,  over  that 
of  Helena.  It  was  thought  probable  that  the  latter  would  have  been, 
in  a  confined  river,  about  53  ft.  (see  pages  475  and  480;.     The  conclu- 
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sion  is  that  the  increase  I  gauge  heighl  at   Belena  would  extend  its 
influence  to  the  other  gauges  further  down  stream. 

These  inferences  might  be  substantiated  by  reasoning  drawn  from 
the  relations  between  the  gauges.     This  part  of  the  subject,  however, 

has  already  been  well  and  thoroughly  diseussed  by  others. 

Low- Water  Disohauoi 

Comparatively  little  attention  has  been  paid,  to  the  low-water  dis- 
charge. Very  few  observations  have  been  taken  at  that  stage.  The 
least  discharge  recorded  in  the  reports  of  the  Mississippi  River  Com- 
mission was  in  the  fall  of  1891.  In  November  of  that  year,  at  a 
gauge  reading  of  2.9  ft.  at  Cairo,  the  discharge  was  reported  as 
114  203  ou.  ft.  At  Elmot  Landing,  in  Plum  Point  Reach,  near  the 
same  time,  the  mean  of  the  four  lowest  days  was  about  81  400  cu.  ft. 
At  Memphis,  at  an  equally  low  stage  in  October,  it  was  reported  as 
about  91  000  cu.  ft.  At  Helena,  the  lowest  record,  both  in  October 
and  in  November,  for  the  mean  of  several  days,  was  about  106  000 
cu.  ft.  at  a  stage  "of  zero.  At  Wilson's  Point,  in  November,  there  was 
a  minimum  discharge  reported  (one  observation  only)  of  117  142  cu.  ft. 
At  Red  River  Landing,  the  lowest  record  was  141  179  cu.  ft. 

The  observations  of  the  last  four  years  have  shown  a  perceptible 
depression  of  the  low-water  plane  at  Wilson's  Point,  as  will  be  seen  by 
the  following  table : 

Year.  Gauge.  Discharge. 

1891 5.00  ft,  133  000  cu  ft. 

1892 4.7     "  145  000      " 

1893  2.1     "  156  000      " 

1894 2.3     "  177  000      " 

In  1894,  this  depression  was  general,  and  extended  at  least  from 
Memphis  to  Vicksburg,  the  low-water  record  having  been  broken  at 
every  intermediate  point.  That  this  was  not  due  to  the  small  quantity 
of  water  flowing  in  the  river  is  shown  by  the  discharge  at  Wilson's 
Point,  which  was  greater  than  in  1891.  What  significance  is  to  be  at- 
tached to  this  phenomenon  is  not  yet  known,  and  probably  further 
observation  will  be  required  to  develop  it.  It  may  not  be  permanent 
It  is  to  be  observed  that  the  stage  in  1894  was  very  nearly  paralleled 
in  1872  at  Memphis  and  at  Lake  Providence  for  a  day  or  two.  The  low 
water  of  1894,  however,  was  far  more  persistent,  the  gauge  at  Vicks- 
burg remaining  below  zero  for  nearly  three  months. 
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NOTES  ON  HIGH  MASONRY  DAMS. 


By  John  D.  Van  Bdben,  M.  Am.   Soc.  C.  E. 
Bead  Septembek  18th.  1895. 


WITH  DISCUSSION. 


No  engineering  structure  requires  more  scientific  care  in  its  design 
and  construction  than  a  high  masonry  dam.  Where  the  site  is  a 
threatening  one  and  lives  are  at  stake,  no  element  of  danger  against 
which  prudence  and  skill  can  provide  should  be  ignored.  It  is  pro- 
posed in  the  following  notes  to  consider  some  of  the  dangers  and 
requirements  which  govern  the  design  of  the  section  of  a  straight, 
high  masonry  dam. 

Conditions  of  Safety.  —Five  different  conditions  of  safety  are  to  be 
considered:  1,  against  overturning;  2,  against  sliding;  3,  against  crush- 
ing near  the  toe;  4,  against  ice  and  waves;  5.  against  undermining. 
After  the  engineer  has  fixed  upon  these  conditions  of  stability  or 
safety,  which  express  his  scientific  and  practical  judgment,  the  design 
of  the  section  is  easily  made  by  the  aid  of  simple  mathematical 
formulas. 
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Fo/'o-s.  In  addition  fco  fche  usual  forces  assumed  fco  acl  upon  the 
dam,  there  will  be  considered  a  water  pressure  on  fche  base  under  full 
head.  Tliis  force  is  usually  ignored  in  designing  the  section,  under  fche 
supposition  fchal  fche  masonry  can  be  either  made  practically  water- 
tight or  drained  in  such  a  wav  as  fco  relieve  this  pressure.  It  is, 
nevertheless,  always  one  of  the  probable  dangers  to  which  such  a  dam 

is  exposed. 

Not  only  does  water  under  ;l  high  head  percolate  with  comparative 
freedom  through  the  best  masonry,  but  shrinkage  or  settlement  cracks 
or  natural  fissures  give  it  free  paths,  to  a  greater  or  less  extent,  into 
the  body  of  the  masonry  or  foundation — paths  always  uncertain,  both 
in  direction  and  area.  No  skill  in  the  construction  of  large  masses  of 
masonry  can  prevent  the  existence  of  such  cracks,  nor  can  all  dangerous 
fissures  in  the  foundation  be  discovered  and  closed.  They  may  be 
horizontal  or  vertical,  longitudinal  or  lateral,  limited  or  extensive.  It 
is,  of  course,  impossible  without  enormously  increasing  the  section  to 
provide  against  all  dangerous  cracks,  but  by  making  it  heavy  enough 
to  withstand  a  base  water  pressure,  the  safety  of  the  structure  against 
such  dangers  is  increased  immensely. 

In  order  to  provide  against  or  relieve  such  a  pressure  without  in- 
creasing the  section,  the  plan  has  sometimes  been  adopted  of  draining 
the  masonry  and  foundation.  But  should  the  drains  be  too  small  for 
the  leakage,  the  pressure  may  remain  practically  unreduced,  being 
reduced  only  by  the  head  lost  in  the  flow.  Again,  should  the  leakage 
be  large,  the  flow  through  the  drains  under  a  high  head  may  be 
powerful  enough  to  wear  them  away,  or  dislodge  the  masonry,  and 
thus  destroy  them  and  ruin  the  dam.  The  violent  vibrations  caused 
by  the  flow  of  large  streams  through  such  conduits  under  high  heads 
are  certainly  an  element  of  danger,  and  such  conduits  require  the  very 
best  masonry. 

It  would  seem  to  be  the  safer  course  to  omit  all  such  drains,  and, 
by  making  the  masonry  and  foundation  as  tight  as  possible,  to  keep 
the  leakage  divided  into  small  streams,  and  to  make  the  section  large 
enough  to  be  entirely  stable  under  a  full  water  pressure  on  the  base. 
The  introduction  of  this  force  will  entirely  change  the  section  usually 
adopted. 

That  this  is  not  an  imaginary  or  remote  danger  is  proved  by  the 
recent  disastrous  failure  of  the  Bouzey  Dam  in  France,  of  which  the 
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section  was  wholly  inadequate  to  furnish  the  necessary  stability,  with 

a  water  pressure  on  the  base.  In  L882,  142  ft.  of  this  dam  moved  down 
stream,  without  tilting,  so  as  to  form  a  bulge  concave  to  the  reservoir 
and  having  a  versed  sine  of  about  lj  ft.,  and  badly  cracking  the 
masonry  at  the  bends.  This  year,  notwithstanding  expensive  repairs, 
involving  a  heavy  reinforcement  at  the  toe  and  a  deep  cut-off  wall  at 
the  heel,  it  was  completely  destroyed,  resulting  in  the  loss  of  150  lives. 
An  examination  of  the  section  of  this  dam  shows  that  no  provision 
was  made  in  the  design  for  a  water  pressure  on  the  base.  It  is  not  at 
all  improbable  that  the  equally  disastrous  failure  of  the  Habra  Dam 
in  Algiers,  in  1881,  resulted  from  a  similar  inadequacy  in  the  section. 

In  the  opinion  of  the  author,  a  water  pressure  on  the  base  of  high 
masonry  dams  should  always  be  considered  in  the  design,  i.  e.,  the 
section  should  be  made  large  enough  to  provide  for  a  water  pressure 
on  the  base  at  all  levels. 

Foundation  or  Ground  Pressure  or  Resistance. — The  ground  pressure 
on  the  base  is  usually  assumed  to  vary  in  intensity  uniformly  from  heel 
to  toe,  being  taken  as  nothing  at  the  heel  and  twice  the  average  at  the 
toe.  Undoubtedly,  in  large  masses  of  masonry  with  sloping  profiles, 
this  theory  is  incorrect,  and  the  maximum  intensity  is  nearer  the  line 
through  the  center  of  gravity.  But  the  theory  covers  the  worst  case 
(and  when  the  masonry  may  be  considered  to  act  as  a  monolith,  it  is 
correct),  and  it  should  be  followed  in  the  calculations. 

The  Toe. — Assuming  that  the  maximum  base  pressure  is  at  the  toe, 
it  is  evident  that  the  sharp  toes  provided  for  high  dams  in  the  profiles 
of  Rankine,  and  in  the  usual  shoe-shaped  dams,  do  not  possess  suffi- 
cient strength  ;  the  masonry  at  the  toe  is  of  comparatively  little  value 
for  many  feet  back,  as  it  would  crack  away  from  the  main  body  long 
before  the  assumed  maximum  pressure  would  be  reached.  The  toe 
should  therefore  be  bold,  with  a  nearly  vertical  profile. 

The  Triangular  Section.—  Nothing  practical  is  gained  by  considering 
any  other  section  than  the  triangle.  This  is  the  true  shape  at  all  levels 
for  stability  against  overturning  and  sliding.  The  additional  masonry 
required  to  give  proper  crest  width  is  too  small  in  amount  to  materially 
affect  the  problem,  and  the  maximum  toe  pressure  can  be  provided  for 
by  altar  courses  at  the  base. 

A  triangular  section  can  be  designed  so  that  it  will  satisfy  at  once 
and  precisely  both  the  assumed  conditions  of  stability  against  sliding 
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and  againsl  overturning,  and  this  is  readily  modified  for  oresl  vridth, 
Use  pressure  and  fcoe  pressure,  without  sacrificing  (economy.  Jt  is  evi- 
dent that  the  most  economical  section  against  sliding  is  a  triangle  with 
a,  too  angle  of  90  \  and  that  the  best  section  against  overturning  is  a 
triangle  with  as  angle  of  90°  at  the  heel.  Between  these  two  extremes 
there  is  a  triangle  which  will  satisfy  precisely  both  conditions  of  sta- 
bility, which  is  the  required  section,  subject  to  modifications  for  ice 
and  toe  pressure. 

Design  of  the  Section. 

Assuming  that  the  site  has  been  examined  and  found  safe,  the 
problem  is  to  design  the  section  of  the  dam  under  the  following 
assumed  conditions  : 

First. — That  there  shall  be  a  full  water  pressure  on  the  base  at  all 
levels. 

Second. — That  the  ground  pressure  shall  be  a  uniformly  varying 
force. 

Third. — That  the  coefficient  of  friction  shall  be/. 

Fourth. — That  the  pressure  at  the  toe  shall  not  exceed^)  per  square 
foot. 

Fifth. — That  there  shall  be  an  ice  pressure  of  I  per  linear  foot  of 
dam  at  the  crest. 

Formulas. 

The  Triangle. — Problem  :  To  find  a  triangular  section  of  a  dam  in 
which  the  base  friction  with  a  coefficient  of  friction/ will  exactly  bal- 
ance the  horizontal  forces,  and  in  which  the  resultant  force  will  pass 
through  the  outer  end  of  the  middle  third  of  the  base. 
Let  h  =  height  of  dam  =  1  =  c  v,  Fig.  1. 

b  =  base  of  dam  =  r  h,  r  being  a  coefficient. 
y  =  vb  =  rY  h,  >\         "  " 

x=va  =r2h,  r2         "  " 

w 
s  =  specific  gravity  of  the  masonrv  =  — . 

u 

*w  =  weight  of  a  cubic  foot  of  masonry  =156   lbs. 

u=         "  "  "  water       =  62.5  " 

/  =s  coefficient  of  friction  =  0. 65. 

R  =  resultant  ground  pressure  on  base. 

*TMs  may  be  increased  a  little  by  including  the  amount  of  water  absorbed. 
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The  center  of  moments  is  taken  at  P,  the  center  of  pressure  of  the 
water  on  the  back. 

h 

Equations  of  Equilibrium. 

Forces.— Vertical,  -|  +  °^J .  s __  (x  -f  y)  -i-  fl  =  0. 

Horizontal,  f  R  =  -—,    or  R  =  ^— . 


1+  /> 


'Pi     R 
Moments. — 


jj       v  btl 


,-f+¥G-+-!)-c+>')(f4£-D-^0+*»-i) 

Or,  as  #  -f  3/  =  &  •' 


+  6  =  0. 


combining  (2)  and  (3): 

.9  —  2 


sb2  —  52-  2b  y  —  4  —  ^  +  1  =  0 
*       f       f 


b  =  — 


2/(s-l) 


V/"2(s— l)^\2/(s  — 1)/ 


// 


2  /•  ^  V 


s-1  + 


where  6  and  y  are  expressed  as  fractions  of  h  =  1. 

Example. 

Let  s  =  2.5  then  ?/  =  0.357  7*.     If  7*  =  250:     ?/  =  89J. 
/=0.65         5  =  1.263/;.  5  =  315.8. 


(3) 

(4) 

(5) 
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Modification  for  Tee  Pressure,  I.  Wig.  2,  at  Crest.-  A.dd  ;i  block  of 
masonry,  L23a,  at  the  cresl  to  resist  the  ice  pressure,  /,  of  sm-h  dimen- 
sions as  to  give  the  accessary  friction  on  :'>|  i<.  resisl  Bliding,  ami  at  the 
Bame  time  to  pass  fche  resultant  of  1  and  the  added   weighl   through jd, 

a  point  in  the  line  of  pressure  of  the  simple  triangle  already  deter- 
mined distant  one-third  a  (  from  /.  This  block  will  simply  "balance 
the  thrust  /  against    sliding   and    rotation  about  j>.      Against  sliding 

from  /alone,   there  will  be 

f,rad  =  I (7) 

where  a  is  the  crest  width  of  the  block  1234;  and  d  its  height,  23. 
Against  rotation  about  p,  there  will  be 

w  a2  d(l  —  2  q)    .{w  —  u)  a  2  h  (2  —  3  q)  _ 

p  v 
where  a  is  the  fraction  y — ,  (Fig.  2). 

1  av 

The  triangle  43a  replaces  the  same  area  of  water  section  and  there- 
fore adds  only  the  difference  of  weights  corresponding  to  w  —  u. 

Introducing:  h  =  —  and  d  — 


r2  '   fwa1 

it  will  be  found  that 


3/(2/-r2(l-2g)) (B) 

'/(2  — 39)  (w-u) 


Example. 


Let  /  =  40  000  lbs.  r2  =  1 .  263  —  0 .  357  =  0 .  906,  say  0. 91. 
?  =  0.07./=  0.65,  say  0.6 
.-.  a  =  22.3  ft.  and  d  =  19.2  ft. 
Areas:    1234  =  428  sq.  ft. 
34  a  =  273  sq.  ft. 
Weights:  1234  =  66  768  lbs. 
34  a  =  25  525  " 


123  a    =  92  293  "  =  W. 

The  distance  of  the  center  of  gravity  of  the  added  weights,  W,  from 
C  =  g  =  12  ft. 

The  values  /  =  0 .  65  and  s  =  2 . 5  represent  average  values.  For 
values  of /see  Kankine's  "Civil  Engineering  "  and  the  author's  paper 
on  "  Quay  and  Other  Ketaining  Walls."* 


*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  II,  p.  193. 
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Modification  for  Ice  Pressure  below  "at,"  Fig.  2. — Consider  h  to  vary, 
so  that  Ih  Avill  represent  the  moment  of  the  ice  pressure  about  p  at 
any  level. 

Let  z  =  distance  which  I  moves  the  resultant  A*  +  W  =  Rlt  toward 
the  toe,  Fig.  3.  M=  moment  of  W  about  p  at  any  level.  Now  ie1  a 
triangle,  cttx,  be  added  to  the  face,  with  a  base  x  =  ttlt  in  order  to 
equalize  the  moment  Ih,  and  thus  keep  p  undisturbed. 

Then: 

JA  =  i?2*+Jf_?^  (!_-*) (9) 

where  R2  =  new  resultant  =  R1  +  h  x  f -r  —  u  \  =  R  -f-  W  -\- 

hx(^-u) (10) 

rli 
and  -^-  is,  for  simplicity,  taken  for  the  arm   of  the  added  weights, 

o 

which  leads  to  an  inappreciable  error  in  the  value  of  z. 

In  order  that  the  new  resultant,  R2,  shall  pass  through  p„  the  ex- 
tremity of  the  middle  third  of  the  new  base,  £>,,  it  is  necessary  that 


i*. 


b  +  z 


or, 


6j  —  b  =  —  z  =  x,  the  required  increase. 


or 


Introducing  these  in  (9) : 

«-J.(,+  ir+.»(;-.)7+jr_m!f(|-.) 

x  (1  (R  -f  W)  —  rh2  (10  -2«))+2  x*h  (w  —  2  u)  =  6  (77*  —  J/j 


.  • .  x  =  — 


4(/2+   TF)  — /-/r(;r  — 2 


2  m)  13(76—1 


.]/) 


+  ^2 (11) 


4(w  — 2m)  A  '    \   (u>— 2  m)  h 

Here  ^4  is  the  first  term  of  the  second  member. 

Now,  by  the  aid  of  (11),  find  x  for  several  levels,  and  join  the  outer 
ends  of  x  for  a  new  profile.     The  computations  are  set  forth  in  the 


following  tables 


ft. 

R. 

w. 

4  (R  +  W). 

rh-(w  —  2  u). 

4(m>  —  2u)ft. 

A. 

250 

187.5 

125 
93.75 
62.5 
31.25 
24 

3  005  000 

1  715  630 

751  250 

422  580 

187  813 

46  953 

92  300 
<( 
<< 

12  390  000 
7  232  000 
3  374  000 
2  060  000 
1  120  000 
557  000 

2  447  062 

1  376  473 

611  765 

344  118 

152  941 

38  236 

31  000 
23  250 
15  500 
11  625 
7  750 
3  875 

320.7 
251.8 
178.2 
147.9 
124.8 
133.9 

500 
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x  =  —  A  +  v  D  +  A'2 
g  =  arm  of    W,  from  p. 

7^  =  250      x=    6.2 


187.5 

=    7.6 

125 

=    9.8 

93.75 

=  10.8 

62.5 

=  10.5 

31.5 

=    3.8 

24  + 

=    0 

Weight  of  added  area 

=  260  000  lbs 

Water  on  base 

=  100  000  lbs 

Net  weight  =  160  000  lbs.  =  Wx 

Observe  that  R  varies  as  h2,  and  the  other  terms  as  Jr  or  h,  making 
the  computations  simple. 

Maximum  Toe  Pressure. 

Let  p   =  maximum  allowable  (total)  toe  pressure. 
Pi  =  "  "  ground  pressure. 

72+  TF+  Wx 


or,  pl  =p  —  uhx  =  2    f  - 


) 


where  hx  and  6X  correspond  to  the  level  at  which  p{   is  reached. 

Assume  ~  =  rl  to  be  constant. 
h„ 


But  72  = 


ulrv 


**=*+sl(^)- 


2/(TT+  W}) 


For  the  simple  triangle  r1  =  r  and  FT  +  Wl  =  0,  giving 

.        frp* 

kr  = 


.(12) 
(12)a 


=  189  ft. 
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Example. 

Let  p,  =  14  400.     r1  =  1.33;   W  =  92  300.      Wx  =  100  000. 
Then  hx  =  168.5,  corresponding  to  level  axo  (Fig.  3). 
Below  the  level  a{  o  corresponding  to  this  height,  the  base  mnst  be 
increased  in  order  to  keep  the  toe  pressure  within  limits. 

Increase  of  Base  Below  the  Point  Where p  is  Reached. —The  resultant 

pressure  is  now  — 

R2  =  RX+WX  =  R+W+WX (13) 

when  W1  is  the  net  weight  of  the  portion  last  added  to  the  front  profile. 
Now  add  a  block  of  masonry  n  o  m  tx  (Fig.  3)  at  the  toe  and  extend- 
ing from  the  point  where  the  pressure  p  is  reached  to  the  base.  Let 
a  provision  be  made  for  a  reverse  water  pressure  at  the  toe,  having  a 
head  hx,  and  let  the  assumption  be  continued  that  there  is  a  full  wrater 
pressure  all  over  the  base. 

Let  jR3  =  new  resultant  =  R  -f  W-\-Wx-\-  weight  of  toe  block  n  o  m  tv 
y  =  distance  between  R2  and  i?3. 
q  =  distance  of  center  of  gravity  of  block  nomtx  from   a  vertical 

through  the  middle  of  m  tv 
rfj  =  height  of  added  block. 
x  =  required  increase  of  base. 

m  =  distance  of  point  of  application  of  R2  from  tx,  the  new  toe  =  -^. 
bi  =  b  +  6A. 
Let  Mx  =  difference    between    moment  of  weight  Wx,  added  on  face, 
and  moment  of  water  pressure  on  the  increase  of  base 
6^  =  6.4  ft.  (Fig.  3). 
Then  the  following  three  equations  of  condition  result : 
Rd  =  2?!  -f-  Wx  +  [wdi  —  uh)  x 
—  R2  4-  [wdY  —  uh)  x 

Rsy  =  wdy  x  (m  +  '^  —  qj  —  uhx  (m  -f  g  J ^  +  Mx 

1  l       bx  -f-  x  \  oi-{-x       J       [oi  -f  x)2 

Solving  for  x 

px  fr,  +  R2—  2bx  (w  dx  —  uh)+  3  w  dx  q 

~  p1-\-  ti  h  —  w  dx 


,       /(2  jR2  —  px  &,)&,—  uhx*  +  6Mx  +  A, _  ^ 


where  A  =  first  term  of  second  member. 


*  Where  the  formula  is  the  usual  one  for  a  resultant  acting  within  the  middle  third. 
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Exam  |>l«'. 

64  =  816.8  +  6.4  =  887,  822  ft. 

m  =  ^  =  107.3. 
o 

pj  =  14400.     R,  =  8  097  300  |  160  000  =  3  257  300 

Mx  =  200  000  x  60  —  100  000  x  104  =  5  200  000 

Make  h{  =  0. 

81.5  x  0.337      t.  _  -, 
q  =-     —^-     -  =  14.5  ft. 

.-.  .r  =  30  ft. 
y=_3.3ft. 


a's  d 


Fig.  4. 

This  completes  the  section  (see  Fig.  4).  The  block  n  o  m  t{  at  the 
toe  may,  however,  without  appreciable  error,  be  made  triangular, 
following  the  line  n  m.  It  will  be  observed  that  the  inclusion  of  a  back 
water  pressure  at  the  toe  wull  not  materially  affect  the  value  of  x  in 
(14),  because  its  moment  for  any  ordinary  depth  hit  which  may  be  taken 
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as  a  minimum,  will  be  comparatively  very  small.  But  such  a  pressure 
-will  materially  increase  the  stability  against  sliding  below  a,  n,  and 
were  this  alone  to  be  considered,  the  section  might  be  considerably 
reduced.  By  shitting  the  crest  back  a  small  distance  on  the  fixed 
base  ax  n,  and  thus  throwing  off  some  of  the  overlying  water  on  the 
back,  it  is  possible  to  reduce  the  base  slightly  at  levels  above  this,  and 
so  correct  a  small  part  of  this  excess.  But  any  considerable  change 
of  this  kind  will  change  the  other  conditions,  and  no  important 
improvement  can  therefore  be  secured. 

The  section  as  now  completed  satisfies  almost  exactly  the  require- 
ments of  safety  against  overturning,  ice,  toe  pressure  and  sliding. 
It  has  only  a  slight  excess  of  frictional  stability  between  the  crest  and 
the  base. 

Check  on  the  Computations. 

The  total  resultant  on  the  base  is— 

Simple  triangle =  3  005  000  lbs. 

Block  123a  at  crest =       92  500    " 

Area  added  to  face =      160  000    << 

3  257  300    " 
Less  upward  effect  of  toe  block  n  omt{..     =       87  330    " 

Total  resultant =3  169  970    " 

Horizontal  thrust — 

Water  on  back =  1  953  125    " 

Ice  pressure  =       40  000    " 

Total  thrust =1993  125    " 

.      1  993  125 
•'•/  =  3l69"970=°-63 

But  if  the  toe  block,  n  o  m  (v  is  made  triangular,  the  resultant  is  re- 
duced 191  710  lbs.,  half  its  gross  weight,  making  it  2  979  260  lbs.,  and 

^     1  993  125       _  „ 
/=  2979260  =°-66 
If  only  half  of  this  triangle  is  cut  off,  the  toe  will  have  a  better 
shape,  the  resultant  will  be  3  074  615  lbs.,  and 

.       1  993  125  __ 

/=^0746T5=a6°- 
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Prom  (13,  second  equation)  l>\  Introducing  x      30  there  results  #= 

—  3.:;  it. 


•1  x  3  170  000 
P\=- 


^_!i(1„7.3  +  30.+3.3)^144||;n||s 
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exactly  what  is  required. 

The  foundation,  when  not  thoroughly  good,  maybe  more  or  Less 
effectively  protected  against  leakage  and  undermining  by  an  impervious 
earth  filling  to  any  desired  height,  and  such  filling,  with  the  section  as 


Fig.  6. 
designed,  will  add  to  the  stability  in  every  way.  This  device,  while  an 
additional  element  of  safety,  cannot  be  considered  an  entirely  sure  cn^  » 
off  of  water  under  high  pressure.  Fig.  5  shows  the  section  drawn  to 
scale,  and  also  the  sections  of  several  of  the  great  dams  designed  in  re- 
cent years,  here  and  in  Europe.  Those  sections  are  surely  to  be  com- 
mended which,  while  conforming  to  theory,  provide  as  far  as  possible 
against  all  dangers.  There  is  no  economy  without  safety,  and  the 
engineer  who  recognizes  this  truth  usually  sleeps  peacefully  on  his 
works. 
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DISCUSSION. 


William  E.  Woethex,  Past  President  Am.  Soc.  C.  E. — While  the  Mr.  Worthen. 
speaker  had  never  built  a  high  masonry  dam,  he  had  constructed  a 
number  of  low  ones.  In  general  he  had  adopted  the  old  form  of 
masonry  dam  common  in  New  England,  which  consisted  of  a  mass  of 
common  dry  rubble  masonry,  in  section  a  trapezium,  with  sheet  piling 
on  the  water  side  to  within  3  to  5  ft.  of  the  crest  level,  and  then  sloping 
up  with  timber  and  tight  plank  covers  and  often  an  oak  string  piece 
for  a  crest.  But  in  his  dams,  with  one  exception,  all  wooden  construc- 
tions are  omitted,  the  sheet  piling  is  replaced  by  either  brick  or  stone 
masonry  and  the  cover  is  of  ashlar. 

Gttstav  Lixdexthal,  M.  Am.  Soc.  C.  E. — The  speaker  believed  Mr.Lindentlml 
that  there  was  a  simple  method  of  avoiding  danger  from  cracks  in 
masonry  dams.  It  consisted  in  running  iron  rods  up  vertically  from 
firm  anchorages  in  the  bed  rock  to  the  crest  of  the  dam.  They  would 
be  15  or  20  ft.  apart,  and  diminish  in  size  from  the  bottom  to  the  top, 
as  may  be  indicated  by  calculation.  These  rods  would  be  connected 
by  horizontal  ties  and  the  entire  iron  construction  would  be  bedded  in 
the  masonry.  If  such  a  dam  were  constructed,  no  danger  would  be 
caused  by  the  presence  of  cracks,  as  the  iron  network  would  withstand 
the  tensile  strains  which  might  occur.  That  there  was  a  danger  of 
such  cracks  arising  from  other  causes  than  the  possible  expansion  and 
contraction  of  the  masonry  was  shown  by  the  earthquake  which 
moved  up  the  Atlantic  coast  several  years  ago,  being  most  severe  in 
the  South.  It  injured  several  reservoir  dams  and  allowed  the  water  to 
escape  from  them,  resulting  in  the  loss  of  life  and  property. 

Kobeet  Eedgway,  Jun.  Am.  Soc.  C.  E. — In  the  construction  of  the  Mr.  Ridgway. 
Titicus  Dam  for  the  Croton  Aqueduct  Commission  of  New  York,  there 
was  danger  of  settlement  cracks  where  the  core  wall  passed  from  a  rock 
to  an  earth  foundation.  The  chief  engineer,  Alphonse  Fteley,  M.  Am. 
Soc.  C.  E.,  decided  to  make  the  wall  weakest  there  in  order  to  be  sure 
where  the  crack  would  occur.  Accordingly  a  well  was  left  in  the  wall 
at  .it, it  point,  5  x  8  ft.  in  horizontal  section,  so  proportioned  that  the 
combined  thickness  of  the  two  side  walls  was  less  than  that  of  the  nor- 
mal section  of  the  core  wall.  This  well  was  carried  up  about  100  ft. 
above  the  foundation.  As  expected  a  slight  crack  showed  itself  in  the 
side  walls  of  the  shaft,  but  it  was  so  small  that  it  was  found  unneces- 
sary to  fill  the  well  with  concrete,  so  it  was  filled  with  earth  and  the 
masonry  carried  up  over  it  to  the  crest. 

F.  W.    Skixxeb,    M.   Am.    Soc.    C.    E. — The    subject    of   cracks   in  Mr.  Skinner, 
masonry  is  discussed  in  a  recent  paper  by  M.   Dutoit  on  the  precau- 
tions to  be  taken  in  the  construction  of  large  reservoirs.* 

*See  the  Annates  des  Ponts  el  Chaussies,  June,  18(J5. 
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Mr. Skinner.  In  this  article  it  is  stated  thai  it  lias  been  Found  impossible  fco  build 
Large  ooyered  masonry  reservoirs  near  Paris,  which  would  not  show 
cracks  cause, 1  i>\  the  variations  of  temperature.      Consequently  tho 

last  two  Parisian   i'cser\  oirs.  at    M  <  nit  mart  re  and  Yi  I  leju  if,  respectively, 

have  been  provided  with  a  double  bottom,  containing  a  series  of  inter- 
secting galleries  which  allow  the  condition  of  the  masonry  fco  be  kept 

under  constant  surveillance,  and  also  colled  any  water  which  may  pass 
down  through  the  masonry  from  the  basins  above.  There  is  a  regular 
system  of  patching  by  which  the  cracks  are  stopped  as  soon  as  dis- 
covered. The  plaster  that  is  on  top  of  the  concrete  bottom  is  removed 
for  about  2  or  2  J  ins.  each  side  of  the  crack  through  the  masonry, 
which  is  thoroughly  cleaned  out  by  a  steel  blade  and  well  washed.  A 
strip  of  board  or  cardboard  about  0.05  in.  is  inserted  in  the  crack,  and 
Vassy  cement  0.4  in.  thick  is  filled  in  each,  side  of  it.  Then  the  strip 
is  withdrawn,  leaving  a  regular  opening,  and  the  fresh  cement  surface 
is  heated  and  thoroughly  dried  by  charcoal  furnaces,  after  which  l£-in. 
strips  of  pure  unvulcanized  caoutchouc  are  spread  over  the  crack  on 
the  hot  cement  and  soldered  with  a^  solution  of  rubber  in  benzine. 
Then  the  remaining  space,  about  J  in.  deep,  is  filled  with  cement 
mortar  up  to  the  general  surface.  This  last  upper  layer  of  cement 
usually  breaks,  but  the  flow  of  water  is  stopped  by  the  caoutchouc, 
while  the  open  space  below  it  allows  for  the  expansions  and  contrac- 
tions of  the  masonry. 

A  dam  is  now  in  course  of  erection  in  California,  which  has  some 
unusual  features  that  deserve  mention,  although  it  is  not  a  masonry 
structure.  It  is  about  130  ft.  high  above  the  bottom  of  the  reservoir 
and  565  ft.  long,  and  is  located  in  a  rocky  valley.  In  building  it,  a 
trench  about  65  ft.  wide  was  dug  30  ft.  deep  to  solid  rock,  and  filled 
with  good  rubble  masonry.  On  top  of  the  masonry  and  running 
across  the  whole  width  of  the  valley  is  a  web  of  thin  riveted  steel  plates 
from  No.  0  to  No.  3  Birmingham  gauge.  As  each  course  of  plate  was 
calked  and  completed,  it  was  coated  with  a  special  preparation  of 
asphalt.  Burlap  was  then  placed  over  the  top  edge  and  each  side  of 
the  steel,  and  a  coat  of  asphalt  put  over  it,  making  two  coats  on  each 
side  of  the  plate.  On  each  side  of  the  web  built  up  in  this  manner, 
there  is  a  24-in.  concrete  wall,  and  on  each  face  of  the  concrete  is  a  mass 
of  riprap  stone  sloped  2  J  to  1,  giving  stability  to  the  dam.  .Depend- 
ence is  placed  upon  the  steel  web,  which  is  built  into  narrow  slots  4  ft. 
wide  and  4  ft.  deep  in  the  rock  sides  of  the  valley,  for  water-tight 
properties,  as  the  filling  of  large  stone  on  each  side  offers  little  resist- 
ance to  the  passage  of  water. 

The  largest  rock  is  placed  at  the  lower  end  of  the  slope,  and  nearly 
160  000  cu.  yds.  of  it  will  be  contained  in  the  finished  structure. 
Mr.  Clarke.        T.  0.  Glarke,  M.  Am.  Soc.  C.  E. — The  speaker  believed  it  might  be 
interesting  to  the  Society  to  consider  another  kind  of  dam,  which  is 
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simple  and  inexpensive,  and  can  be  nsed  even  on  poor  foundations  in  Mr.  Clarke, 
cases  where  the  smallest  discharge  of  the  river  is  sufficient  to  always 
flow  over  the  crest  of  the  dam  and  keep  it  wet.  It  consists  of  timber 
crib-work  filled  with  broken  stone  and  its  section  is  shown  in  Fig.  6. 
If  the  bottom  is  hard  the  cribs  are  sunk  directly  upon  it,  but  if 
soft,  riprap  stone  of  all  sizes  is  dropped  into  the  river,  which  settles 
down  through  the  soft  material  until  it  will  go  no  farther.  In  a  sand 
river  this  sinking  can  be  aided  by  hydraulic  jets.  The  riprap  should 
be  extended  for  some  distance  above  and  below  the  dam,  to  form  a 
protection  for  the  river-bed.  Upon  this  foundation  after  it  has  set- 
tled, cribs  20  to  30  ft.  wide,  and  as  long  as  the  section  of  the  dam  re- 
quires, should  be  sunk  into  place,  the  greater  length  of  the  crib  parallel 
to  the  current.  These  cribs  are  not  placed  close  together,  but  have 
spaces  5  to  8  ft.  wide  through  which  the  summer  discharge  passes 
while  the  superstructure  is  building. 

After  these  cribs  have  become  fixed  in  place,  the  superstructure  of 
the  dam  is  built  upon  them  continuously  and  with  no  openings  in  it, 
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Fig.  6. 

clear  across  the  river,  and  well  into  the  banks.  It  consists  of  12  x  12- 
in.  timbers  framed  to  shape,  filled  with  loose  stone  and  covered  on 
both  sides  with  timbers  lying  longitudinally  up  and  down  stream. 
They  are  placed  close  together  and  well  drift-bolted  to  the  timbers  be- 
low. The  crest  of  the  dam  is  protected  from  abrasion  by  thick  plates 
of  rolled  iron.  After  the  superstructure  is  finished,  gates  of  two 
thicknesses  of  12  x  12-in.  timber  drift-bolted  together  are  placed  to 
close  the  apertures  between  the  cribs.  The  water  then  rises  until  it 
flows  over  the  crest  of  the  dam.  Such  a  dam  can  carry  very  heavy 
floods  over  its  crest  without  injury.  Its  flat  shape  on  its  upper  slope 
makes  the  water  above  hold  it  down,  as  is  the  case  with  dams  built  by 
William  E.  Worthen,  Past-President  Am.  Soc.  C.  E.  The  flat  slope 
on  the  lower  side  shoots  the  water  up  on  the  top  of  the  water  below  and 
prevents  its  cutting  the  bed  of  the  river. 

A  settlement  of  several  feet  may  take  place  in  some  of  the  cribs 
without  making  this  kind  of  dam  leak,  as  it  is  very  flexible.  It  seemed 
to  the  speaker  very  well  adapted  for  the  San  Juan  Kiver  on  the  proposed 
Nicaragua  Canal,  or  for  such  dams  as  may  be  required  at  the  foot  of 
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Mr.  ciarkc.  Lake  Erie  and  Lake  Ontario  to  hold  np  the  water  to  a  mean  level.     A 

simple  and  inexpensive  SOlH  of   material  LS  used  that  can  lie  had  « 
where,  ami  unless  the  water  i^  allowed  to  cut  around  the  emls  of  the 
dams,  floods  will  not  harm  them. 

Such  a  dam  was  built  aoross  the  Ottawa  River  b y  the  Department 
of  Public  Works  of  Canada.  It  is  about  1  700  ft.  long,  and  the  cribs 
were  sunk  in  very  rapid  water  from  2  to  23  ft.  deep,  on  a  rock  bottom. 
It  raises  the  water  lti  ft.,  and  lias  a  lock  on  one  side  and  a  timber  slide 
on  the  other.  It  is  arched  up  stream.  It  has  1\  ft.  of  water  on  its 
crest  in  summer,  and  10  ft.  during  high  floods.  No  leakage  of  any 
magnitude  has  taken  place.  Being  always  submerged,  it  will  last  for 
a  very  long  time. 

The  speaker  designed  this  dam  and  many  similar  ones  for  the  im- 
provement of  the  navigation  of  the  Ottawa  River  many  years  before 
the  structure  was  actually  built.  It  was  very  important  to  know  what 
would  be  the  level  of  the  water  at  high  floods  on  the  crests  of  the  dams, 
in  order  to  fix  the  height  of  the  copings  of  the  locks  and  of  the  tops  of 
their  entrance  piers.  The  following  formula  was  used  by  him,  and 
also  by  the  engineer  of  this  dam. 

Calling  the  height  of  water  on  the  crest  of  the  dam  H,  the 
length    of    crest   L,     the   discharge   in    cubic    feet    per    second     Q, 


then  H=    *\( 2 ^ 

\/  \  3.56  L  J 


In  this  case  the  low-water  discharge  was  26  000  cu.  ft.  per  second 

and  L  was  1  600  ft.     Hence  H=     I  ( 26  °°° ^  '=  2.75  ft.     The 

\|  V  1  600  X  3.56  / 

actual  height  observed  was  2.50  ft. 

The  high-water  discharge  was  190  000  cu.  ft.  per  second,  and  length 


of  dam   1760  ft.     H=   3    ( 19°  00°  _    V  =9.72   ft.     The   actual 

height  observed  wTas  10  ft. 

This  formula  is  probably  as  accurate  as  was  the  gauging  of  the 
river.  As  this  is  the  test  of  a  very  simple  weir  formula  on  a  very  large 
scale,  it  seemed  to  the  speaker  worthy  of  record. 
Mr.  Wegmann.  Edward  Wegmann,  Jr.,  M.  Am.  Soc.  C.  E. — The  author  of  the  paper 
recommends  a  profile  for  a  masonry  dam  that  differs  greatly  from  all 
types  hitherto  proposed.  This  is  caused  by  assuming  an  upward 
pressure  under  the  entire  base  of  the  dam,  equivalent  to  the  head  of 
the  water  in  the  reservoir,  a  condition  not  assumed  by  other  writers  on 
the  subject.  Under  the  requirements  imposed,  the  section  is  properly 
proportioned,  the  formulas  used  being  very  simple.  If  the  profile 
were  designed  for  an  extremely  unfavorable  foundation,  the  rock  being 
so  fissured  and  porous  as  to  permit  the  water  in  the  reservoir  to  exert 
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an  upward  pressure  under  a  large  portion  of  the  base  of  the  dam,  the  Mr.  Wegmann. 
speaker  had  no  criticism  to  offer  except  the  statement  that  it  is  not 
very  probable  that  an  engineer  would  construct  a  high  masonry  dam 
on  such  a  foundation.  The  author  proposed,  however,  that  the  section 
of  a  masonry  dam  should  always  "  be  made  large  enough  to  provide 
for  a  water  pressure  on  the  base  at  all  levels,"  a  condition  which  in- 
creases the  section  very  much.  The  speaker  could  not  see  the  necessity 
of  taking  such  an  extreme  supposition  for  ordinary  cases. 

In  designing  all  structures,  the  engineer  has  two  objects  in  view, 
which  have  opposite  tendencies,  viz.,  safety  and  economy.  His  skill 
consists  in  finding  the  happy  medium  which  gives  sufficient  safety  with 
an  economical  expenditure  of  money.  According  to  Fig.  5  of  the 
paper,  the  profile  for  the  proposed  Quaker  Bridge  Dam,  designed  by  a 
board  of  experts,  would  have  to  be  increased  about  65%  in  area  to 
satisfy  the  author's  views.  To  see  whether  an  upward  pressure  should 
always  be  assumed  under  the  base  of  a  dam,  the  speaker  reviewed 
briefly  what  experience  had  taught  about  high  masonry  dams  and  ex- 
amined the  causes  of  the  failures  that  have  occurred. 

So  far  as  he  knew,  about  55  high  masonry  dams  had  been  constructed 
up  to  the  present  time.  Of  this  number  three  had  failed,  viz.,  the 
Puentes,  Habra  and  Bouzey  Dams.  In  each  of  these  cases  the  failure 
was  due  to  faulty  construction  and  not  to  errors  in  the  design.  The 
Puentes  Dam  was  built  in  Spain  during  the  years  1785-1791.  The 
maximum  height  of  the  wall  was  164  ft.  During  the  construction  of 
the  foundation,  a  deep  pocket  of  earth  was  discovered  in  the  center  of 
the  valley.  Instead  of  going  down  to  solid  rock,  the  engineers 
adopted  the  unfortunate  plan  of  constructing  a  pile  foundation  at 
this  place.  For  11  years  after  the  reservoir  was  put  into  service, 
the  water  never  attained  a  greater  depth  than  84  ft.,  owing  to  an  in- 
sufficiency of  rainfall  and  drainage  area.  In  April,  1802,  heavy  rains 
caused  the  depth  of  the  water  to  be  increased  to  154  ft.  The  result 
was  that  the  whole  pile  foundation  and  soft  material  in  the  pocket 
were  forced  outward,  producing  a  rupture  in  the  central  part  of  the 
dam.  This  accident  caused  the  loss  of  over  600  lives  and  the  destruc- 
tion of  much  property.  The  failure  produced  a  hole  in  the  central 
part  of  the  dam,  which  did  not  reach,  however,  up  to  the  crest.  The 
appearance  of  the  central  part  of  the  wall  after  the  rupture  was  that 
of  an  arched  bridge.  Within  recent  years,  this  portion  of  the  dam  has 
been  repaired  and  the  reservoir  has  again  been  put  into  service. 

The  second  failure  mentioned  was  that  of  the  Habra  Dam,  constructed 
in  Algiers  in  1865-73.  A  very  full  account  of  the  destruction  of  this 
reservoir  wall,  with  an  investigation  of  the  probable  causes,  has  been 
given  by  an  Italian  engineer,  Gaetano  Crugnola,  in  the  "  Ingegneria  e 
Arti  di  Pareto  e  Sacheri,"  Turin,  1882.  According  to  this  writer  and 
French  engineers  who  have  discussed  this  case,  the  failure  was  not  due 
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Mr.  Wegmann.  to  insufficiency  in  the  area  of  the  profile  bnl   to  poor  materia]  a  ed  in 
the  construction  and  to  the  strain  the  wall  was  sul>j<  eted  to  durin 
unprecedented  rain  storm.     The  building  material  used  bad  to  be  all 

obtained  near  the  site  of  the  dam.  for  reasons  of  economy.  The  stone 
was  a  very  porous  sandstone,  not  uniform  in  character.  The  sand  used 
was  not  very  good.  The  hydraulic  lime,  made  from  calcareous  stone 
found  on  the  banks  of  the  Habra  River,  was  not  of  perfect  quality,  and 
contained  some  quicklime,  which  probably  expanded  in  the  wall  and 
thus  assisted  in  making  it  porous.  Owing  to  the  causes  stated,  the 
masonry  of  the  dam  was  by  no  means  water-tight.  When  the  reservoir 
was  first  filled  the  water  passed  freely  through  the  wall,  which  pre- 
sented the  appearance  of  a  great  filter.  Nevertheless,  the  dam  stood 
successful  for  eight  years,  and  did  not  fail  until  in  December,  1881,  when 
an  unusually  severe  rainstorm  occurred,  during  which  6^  ins.  of  rain 
fell  in  a  short  time.  Crugnola  has  calculated  that  in  all  probability 
more  than  26  000  000  000  galls,  of  water  must  have  passed  over  the  dam 
in  one  night,  the  sheet  of  water  attaining  a  height  of  about  13  ft.  above 
the  crest  of  the  dam.  This  would  not  have  been  sufficient  to  cause  the 
dam  to  slide  on  its  foundation,  but  would  produce  pressures  in  the 
masonry  near  the  down-stream  face  of  the  wTall  considerably  beyond 
the  limits  of  safety,  without  taking  into  account  the  strains  produced 
by  the  impact  of  the  flowing  wrater.  The  facts  stated  accounted  suf- 
ficiently for  the  failure  of  the  Habra  Dam  and  seemed  to  the  speaker 
rather  to  sustain  Crugnola's  views  of  the  case  than  the  author's  state- 
ment that  the  failure  was  probably  due  to  "inadequacy  in  the  section  " 
adopted  for  the  dam. 

The  third  case  of  the  failure  of  a  reservoir  wall  was  that  of  the 
Bouzey  Dam,  which  occurred  on  April  27th,  1895.  An  account  of  the 
rupture  was  given  in  Le  Genie  Civil  for  May  11th,  1895.  The  dam  was 
constructed  near  Epinal,  France,  and  was  put  into  service  in  1884.  It 
was  founded  on  porous  conglomerate  rock,  consisting  of  silicious 
stones  joined  together  by  a  very  poor  cementing  material.  The  foun- 
dation trench  was  carried  down  to  what  appeared  to  be  a  good  bottom, 
but  was  not  excavated  to  absolutely  solid  rock,  which  was  found  to  lie 
at  a  depth  of  about  20  to  30  ft.  in  the  center  of  the  valley.  To  prevent 
leakage  under  the  main  dam,  a  guard  wall,  6£  ft.  wide,  was  founded  on 
this  compact  rock  and  built  up  on  the  up-stream  side  of  the  dam.  As 
the  maximum  depth  of  the  water  in  the  reservoir  was  to  be  about  75 
ft.,  this  guard  wall  could  hardly  be  expected  to  prevent  water  from 
percolating  under  the  base  of  the  main  dam,  causing  thus  an  upward 
pressure  which  might  destroy  the  wall's  stability  against  sliding. 
When  the  reservoir  was  being  filled  for  the  first  time  and  the  water 
had  reached  within  11  ft.  of  the  top  of  the  dam,  the  central  portion  of 
the  wall  slid  or  bulged  forwrard  so  as  to  form  almost  a  regular  curve 
having  a  chord  of  about  394  ft.,  and  a  versed  sine  of  about  1  ft.     There 
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was  no  settling  nor  overturning,  but  simply  a  sliding  or  bulging  forward.  Mr.  Weginann. 
This  deformation  of  the  wall  produced  numerous  fissures  in  the  founda- 
tion, which  discharged  a  considerable  quantity  of  water,  and  caused  also 
four  vertical  fissures  in  the  front  face  of  the  Avail.  Before  the  reservoir 
had  been  filled,  two  similar  vertical  fissures  had  been  produced  in  the 
face  of  the  dam  by  changes  in  the  temperature.  Water  flowed  through 
these  fissures  during  cold  weather,  but  ceased  almost  entirely  in  warm 
weather,  owing  to  the  expansion  of  the  masonry.  Some  attempts  were 
made  to  close  the  fissures  by  means  of  tarred,  wooden  wedges,  but 
without  success.  In  1888-89  the  wall  was  strengthened  by  building  a 
kind  of  flying  buttress  in  front  of  it,  which  made  sliding  in  the  foun- 
dation impossible.  The  upper  portions  of  the  wall  were  not  rein- 
forced, however.  In  1890  the  water  in  the  reservoir  was  allowed  to  rise 
to  its  highest  level  without  any  change  being  noticed  in  the  wall.  The 
recent  accident  occurred  very  suddenly  without  any  warning.  The 
foundation  masonry  was  not  displaced,  but  a  breach  about  560  ft.  long 
and  about  33  ft.  deep  below  the  highest  water  level,  was  made  in  the 
central  portion  of  the  dam.  In  the  center  of  the  valley  this  breach  was 
cut  down  to  the  bottom  of  the  reservoir.  The  portion  of  the  wall  which 
was  ruptured  contained  four  of  the  vertical  fissures  that  have  been  men- 
tioned. It  seemed  astonishing  that  a  dam  that  had  given  such  signs  of 
weakness  had  been  allowed  to  stand. 

The  failure  of  the  Bouzey  Dam  is  the  only  case  where  an  upward 
pressure  under  the  base  of  the  wall  is  likely  to  have  been  the  cause  of 
the  disaster.  In  all  probability  this  pressure  would  not  have  occurred 
to  any  extent  if  the  whole  dam  had  been  founded  on  the  solid  rock 
upon  which  the  guard  wall  was  built. 

Very  few  of  the  dams  that  have  been  constructed  would  be  stand- 
ing if  they  were  subjected  to  such  an  upward  pressure.  As  they  have 
remained  stable,  some  of  them  for  many  years,  it  may  be  safely  con- 
cluded that  they  are  not  subjected  to  such  an  upward  pressure  to  any 
extent.  In  this  connection  the  Almanza  Dam  might  be  mentioned, 
which  has  stood  for  over  three  centuries. 

The  speaker  could  not  agree  with  the  author  in  his  statement  of  the 
impossibility  of  making  a  dam  practically  water-tight  and  of  prevent- 
ing cracks  and  fissures  in  the  masonry.  The  Aqueduct  Commissioners 
of  the  city  of  New  York  have  constructed,  within  recent  years,  two 
masonry  dams  in  the  Croton  water-sheds  that  may  be  taken  as  fine 
examples  of  what  can  be  accomplished  by  proper  care  in  the  construc- 
tion. The  first  of  these,  the  Sodom  Dam  (98  ft.  high  above  the 
foundation),  has  been  fully  described  in  a  paper  read  before  the 
Society  in  March,  1893,  by  Walter  McCulloh,  M.  Am.  Soc.  C.  E.*  The 
second,  the  Titicus  Dam,  has  a  maximum  height  of  135  ft.  above  the 
foundation.     In  both   cases,  the  front  face  of  the  wall  appears  per- 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXVIII,  p.  185. 
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Mr.  Wegmann.  feotly  dryin  clear  weather,  there  beinj  no  signs  of  leakage.  In  humid 
weather  some  damp  spots  appear  <>n  the  walls.  Water  which  may 
force  its  way  through  the  pores  of  the  mortar  and  stone  is  in  ;i  capil- 
lary >tatc  and  not  likely  to  exert  the  hydrostatic  pressure  dm-  to  head 
of  water  iu  the  reservoir.  With  the  exception  of  a  slight  hair  crack  in 
the  overfall  of  the  Titicus  Dam,  there  is  absolutely  no  crack  to  be 
found  in  the  two  cases  mentioned.  The  expansion  of  the  masonry  is 
probably  taken  up  by  the  elasticity  of  the  mortar.  As  regards  settl- 
ing, the  slowness  with  which  a  large  masonry  dam  is  carried  up  pre- 
vents cracks  from  this  cause. 

In  the  construction  of  the  Sodom  and  Titicus  Dams  some  fissures 
had  been  encountered  in  the  foundation  rock,  and  had  been  closed  by 
masonry.  At  these  points  it  was  very  probable  that  an  upward  pressure 
existed,  but  the  area  of  such  points  was  a  very  small  percentage  of  the 
total  area  of  the  base  of  the  wall. 

The  speaker  agreed  fully  with  the  author  as  regards  the  inadvis- 
ability  of  constructing  drains  in  the  foundation.  Such  channels  cause 
additional  leakage,  and  ought  to  be  avoided.  With  reference  to  the 
danger  that  might  exist  if  the  front  face  of  the  dam  formed  a  sharp 
toe,  there  was  a  difference  of  opinion  among  engineers.  Prof.  Rankine 
stated  that  the  pressures  near  the  front  face  of  a  dam  were  tangent  to 
the  curve  of  the  face.  If  such  were  the  case,  the  pressures  might  pass 
along  the  front  face  somewhat  as  the  strains  in  a  masonry  arch. 

The  speaker  said,  in  conclusion,  that  while  the  assumption  of  an 
upward  pressure  on  the  base  of  a  dam  diminished  the  stability  of  the 
structure  against  sliding,  the  hypothesis  being  in  the  direction  of 
safety,  it  diminished,  on  the  other  hand,  the  calculated  pressures  in 
the  wall,  making  the  masonry  appear  less  strained  than  it  might  actually 
be.  The  great  danger  for  a  high  masonry  dam  was  not  a  possibility 
of  the  wall  sliding  on  its  foundation,  but  the  great  pressures  to  which 
the  masonry  might  be  subjected  near  the  faces  of  the  dam.  For  this 
reason  the  speaker  recommended  that  an  upward  pressure  under  the 
base  of  a  dam  be  never  considered  in  calculating  the  pressures  in  the 
masonry,  even  if  it  be  assumed,  in  extremely  unfavorable  cases,  in  in- 
vestigating the  stability  of  the  wall  against  sliding. 


CORRESPONDENCE. 


Mr.  Allen.  Kenneth  Allen,  M.  Am.  Soc.  C.  E. — So  far  as  failure  from  sliding 
or  overturning  is  concerned,  it  seems  that  the  author's  proposed  section 
would  be  sufficient  for  a  well  built  dam  of  dry  masonry.  It  appears 
to  the  writer,  however,  that  the  bond  and  comparative  impermeability 
imparted  by  the  proper  use  of  mortar  modifies  the  conditions  radically. 
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It  can  hardly  be  denied  that  with  Bach  masonry  as  is  usually  found  in  Mr.  Allen, 
well  built  dams  the  adhesion  of  mortar  to  stone  results,  to  a  great 
extent,  in  the  formation  of  a  monolithic  structure,  in  which  the  coeffi- 
cient of  friction  may  generally  be  disregarded.  There  are  no  unbroken 
horizontal  joints  of  large  area,  and  those  which  exist  are  at  least  nearly 
full  of  hard,  gritty  mortar,  clinging  more  or  less  to  the  adjacent  stones. 
Likewise,  the  assumption  of  an  upward  water  pressure  over  the  entire 
bed  or  base  of  the  dam  equal  to  that  of  the  water  at  a  corresponding 
depth  seems  to  the  writer  unjustifiable.  Admitting  that  a  certain 
amount  of  percolation  obtains  with  an  undiminished  static  head,  yet  the 
extreme  proportion  of  such  areas  of  percolation  to  the  entire  horizontal 
section  of  the  dam  must  be  very  small  in  cement  masonry.  So  that, 
while  it  is  safe  to  assume  a  certain  amount  of  upward  pressure,  as, 
indeed,  will  probably  obtain,  yet  this  can  never  act  on  more  than 
a  small  fraction  of  the  bed,  in  the  writer's  opinion.  He  is  aware 
that  the  position  held  by  the  author  on  this  point  is  endorsed  by 
eminent  authority,  and  would  not  be  misunderstood  as  advocating  in 
any  way  a  section  for  an  important  dam  based  upon  any  doubtful 
point  without  giving  the  stability  of  the  dam  the  benefit  of  the  doubt. 
But  as  to  the  influence  of  cement  mortar  in  increasing  the  frictional 
stability  and  decreasing  the  total  upward  pressure,  both  to  an  enormous 
extent,  he  does  not  think  there  is  a  question.  With  regard  to  the  cal- 
culation of  the  resultant  pressure,  he  would  suggest  assuming  a  certain 
proportion,  say  10,  20  or  30%  of  the  upward  pressure  acting  on  the 
entire  section,  depending  on  the  character  of  the  masonry  employed, 
and,  in  the  case  of  the  base,  of  the  bed-rock  upon  which  it  is  built. 

James  Dcaxe.  M.  Am.  Soc.  0.  E. — The  area  of  the  cross-section  Mr.  Duane. 
evolved  by  the  author  so  greatly  exceeds  that  adopted  in  the  : 
modern  practice  that  it  would  seem  that  the  premises  on  which  his 
theory  is  founded  must  be  m  error.  This  belief  is  strengthened  when 
it  is  recalled  that  in  all  cases  where  the  materials  and  workmanship 
have  been  good,  the  generally  accepted  theory  has  given  ample  dimen- 
sions. The  writer  believes  that  this  discrepancy  is  readily  accounted 
for  by  the  remarkable  assumption  "that  there  shall  be  a  full  water 
pie-sure  on  the  base  at  all  levels.'*  In  the  few  high  masonry  dams 
that  have  come  under  the  writer's  notice,  all  have  shown  more  or  less 
iting  or  percolation  on  the  face. 

In  one  or  two  cases  the  leakage  attained  the  magnitude  of  streams 
at  several  points,  and  while  this  was  an  eyesore  it  caused  no  aj^prehen- 
sion  as  to  the  safety  of  the  structures.  In  the  worst  case  where  the 
leakage  could  be  examined  at  several  different  points,  viz.,  at  the  face 
of  the  dam,  at  the  interior  of  a  well  in  the  center  of  the  dam,  and  in  the 
gate-chamber  through  which  the  outlet  pipes  passed,  there  was  no  evi- 
dence that  the  upward  pressure  at  any  point  exceeded  a  few  pounds. 
This  seemed  to  be  independent  of  the  head  of  water  on  the  particular 
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Mr.  Dunne,  joint  examined,  and  Of  the  thickness  of  the  intervening  masonry  be- 
tween the  exposed  surface  and  the  water  in  the  reservoir.  It  may  l>o 
added  that  the  area  acted  on  by  even  this  slight  pressure  at  any  level 
was  insignificant  as  compared  with  the  area  of  the  entire  base  at  the 
same  level. 

Passing  now  to  the  generally  accepted  theory  that  the  base  pressure 
varies  in  intensity  uniformly  from  heel  to  toe,  being  taken  as  nothing 
at  the  heel  and  twice  the  average  at  the  toe,  the  author  admits  that 
this  assumption  is  erroneous,  and  also  pleads  in  extenuation  that  this 
erroneous  theory  covers  the  worst  cases.  The  writer  would  ask  if  the 
profession  generally  considers  this  excuse  as  a  sufficient  palliative  of 
the  perpetuation  of  an  admitted  error.  Should  not  an  effort  be  made 
to  bring  this  theory  into  more  perfect  harmony  with  the  actualities  of 
the  case? 

The  writer  believes  that  while  the  pressure  may  be  nothing  at  the 
heel,  that  in  all  normal  cases  it  usually  is  a  definite  and  considerable 
amount ;  that  the  maximum  pressure  is  at  or  near  the  resultant  of  the 
various  forces  acting  on  the  structure;  that  the  pressure  at  the  toe  is 
between  that  at  the  heel  and  the  maximum;  that  the  plotted  line  of 
pressures  would  ordinarily  be  a  curve,  and  that  only  by  the  merest 
accident  a  straight  line,  as  in  the  present  theory.  In  dams  of  insuffi- 
cient cross-section  there  may  be  a  negative  pressure  or  tension  at  the 
heel,  the  stability  of  the  structure  then  being  dependent  on  the  excel- 
lence of  the  mortar  employed  and  the  time  allowed  it  to  set  before  a 
strain  is  put  upon  it.  The  writer  thinks  that  it  is  to  the  superior 
quality  of  the  materials  employed,  and  not  to  any  arch  action,  that 
such  structures  as  the  Bear  Valley  Dam  owe  their  stability.  t 

Mr.  Broomall.  C.  M.  Broomall,  Jun.  Am.  Soc.  C.  E. — It  is  to  be  regretted  that  the 
author  does  not  enter  into  the  mathematical  treatment  of  the  arch- 
shaped  dam.  In  view  of  the  severe  test  to  which  the  Sweetwater  Dam 
was  recently  subjected,  such  reference  would  be  of  interest.  The 
cross-section  of  the  Sweetwater  Dam  is  very  bold,  and  the  extent  to 
which  its  strength  is  dependent  upon  the  arch  shape  must  be  very  con- 
siderable. It  has  70  ft.  of  water  against  it,  with  46  ft.  bottom  width 
and  12  ft.  top  width,  and  is  built  convex  up  stream,  with  a  maximum 
radius  of  213.3  ft.  Its  total  length  is  396  ft.  The  fact  that  for  40 
hours  floods  poured  over  the  top  of  this  dam  from  end  to  end  is  a  very 
strong  argument  in  favor  of  the  use  of  the  curved  type.  Another 
strong  point  in  their  favor  is  that  on  account  of  the  curved  form  the 
effects  of  contraction  and  expansion,  due  to  changes  of  temperature, 
would  seem  less  likely  to  do  damage.  Also  in  the  case  of  cracks 
caused  by  unequal  settlement,  the  danger  would  seem  to  be  much  less 
than  in  the  straight  dams.  The  writer  would  like  to  ask  what  changes 
the  author  would  make  in  his  formulas  in  order  to  apply  them  to  the 
curved  dam.  It  would  appear  that  the  treatment  would  have  to  be 
entirely  different,  almost  reducing  to  that  of  an  arch  loaded  normally. 
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M.  S.  Parker,  M.  Am.  Soc.  C.  E. — All  engineers  must  agree  with  Mr.  Parker, 
the  author  ' '  that  no  element  of  danger  against  which  prudence  and 
skill  can  provide  should  be  ignored  "  in  the  design  and  construction 
of  high  masonry  dams.  There  is  always,  however,  the  question  of 
dollars  and  cents  foremost  to  capitalists  who  furnish  the  means  for 
carrying  out  the  engineer's  design.  The  question  arises  as  to  what  de- 
sign is  most  economical  in  cost  while  possessing  a  sufficient  factor  of 
safety,  the  cost  having  a  considerable  influence  on  the  design.  The 
design  for  a  high  masonry  dam,  in  the  writer's  opinion,  depends 
almost  entirely  upon  the  character  of  the  foundation  to  be  built  upon. 

There  is  no  disputing  the  fact  that  an  equilateral  triangle  is  the 
true  shape  of  a  section  at  all  levels  for  stability  against  overturning 
and  sliding.  This,  however,  is  not  the  only  question  the  engineer  has 
to  decide  in  the  design  of  such  structures.  The  main  question  is  what 
design  will  suffice,  in  point  of  safety  and  economy,  to  fulfil  the  pre- 
scribed conditions.  In  addition  to  the  four  forces  usually  considered, 
the  fifth  force  mentioned  by  the  author,  namely,  the  water  pressure 
on  the  base  under  full  head,  has  always  been  considered  by  the 
writer  in  designs  for  crib  and  masonry  combination  dams  for  all 
heights.  But  in  the  case  of  a  high  masonry  dam  on  suitable  founda- 
tion, he  cannot  see  the  necessity  of  considering  this  force  such  an  im- 
portant factor  as  to  warrant  such  a  change  in  design  as  shown  between 
the  Quaker  Bridge  section  and  the  triangular  section  in  Fig.  5  of  the 
paper.  It  is  admitted  that  water  will  force  its  way  through  the  best  of 
masonry,  as  it  will  through  the  best  of  metal  under  sufficient  pressure, 
without  weakening  either  material,  and  that  shrinkage  or  settlement 
cracks  give  free  paths  to  a  greater  or  l^ss  extent  into  the  body  of 
masonry;  but  masonry  must  be  very  badly  constructed  that  will  be  so 
open  as  to  admit  water  into  its  interior  and  hold  it  under  sufficient 
pressure  to  endanger  its  stability  to  an  extent  requiring  the  treatment 
of  the  problem  proposed  in  the  paper.  He  is  of  the  opinion  that  the 
proper  section  for  a  dam  should  be  governed  entirely  by  the  character 
of  the  foundation  to  receive  it.  Admitting  the  stability  of  the  trian- 
gular section  for  high  masonry  dams,  he  questions  the  necessity  of  it, 
assuming  the  foundation  to  be  solid  and  suitable  to  receive  the 
structure. 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. — The  uplifting  pressure  on  the  Mr.  Le  Conte. 
base  of  dams  built  upon  leaky  or  seamy  foundations  has  been  the  sub- 
ject of  much  study  by  engineers  of  late.  Much  information  is  being 
collected  bearing  upon  the  questions  involved,  but  it  is  of  a  very  con- 
tradictory character.  In  extreme  cases,  such  as  the  author  supposes, 
250  ft.  in  height,  the  additional  amount  of  masonry  required  to  meet 
the  upward  pressure  on  the  entire  base  is  something  enormous,  over 
60%,  and  the  necessity  of  such  an  increase  is  a  matter  of  paramount 
importance. 
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Mr.  Le  Oante.  A  study  of  existing  duns  and  the  nature  of  the  ground  upon  which 
they  are  constructed  will  hardly  justify  an  agreemenl  with  the  author 
iu  his  broad  statements.  There  are  many  large  earthen  dams  in  Cali- 
fornia built  on  Leaky  ground  which  have  been  iu  constant  use  for  25 
years  or  more,  notably  the  old  Upper  Crystal  Springs  Dam,  near  San 
Francisco.  The  ground  at  the  site  was  full  of  water-bearing  gravel 
beds  ;  the  puddle  trench  was  carried  down  98  ft.  below  the  bed  of  the 
valley,  and  failed  to  meet  a  good  impervious  stratum.  Accordingly 
the  proposed  height  was  reduced  to  50  ft.  above  the  bed  of  the  valley, 
and  the  dam  was  built.  When  the  lake  was  filled  springs  appeared 
just  below  the  dam,  and  continued  to  flow  many  years.  The  dam  is  30 
ft.  wide  on  top  and  has  a  back  slope  of  3  J  to  1  and  a  face  slope  of 
3  to  1;  the  water  is  45  ft.  deep. 

Likewise  the  San  Leandro  earthen  dam  at  Oakland,  Cal.,  now  120 
ft.  high  above  the  bed  of  the  valley,  rests  upon  leaky  ground,  and  one 
or  more  large  springs  were  struck  in  sinking  the  puddle  trench  some 
40  ft.  or  more.  This  dam,  20  years  old,  has  always  leaked  more  or 
less  around  both  ends,  through  the  hillsides,  as  well  as  up  from  the 
bed  below. 

The  dam  is  38  ft.  wide  on  top,  and  has  a  back  slope  of  3  to  1  and  a 
face  slope  of  4  to  1;  the  water  stands  110  ft.  deep. 

If  the  amount  of  upward  pressure  on  the  base  of  these  dams  was 
anywhere  near  that  due  to  a  full  hydrostatic  head  in  the  reservoirs,  it 
is  clear  that  these  dams  could  not  possibly  exist.  The  writer  fails  to 
see  how  such  a  pressure  could  exist  in  any  case  unless  there  is  an 
impervious  barrier  located  under  the  down-stream  toe  of  the  dam. 
In  natural  ground  there  is  every  reason  to  believe  that  the  amount  of 
ground  leakage  existing  at  any  dam  site  will  certainly  continue  imme- 
diately below  the  site.  Consequently  any  leak  starting  at  the  up-stream 
toe  of  the  dam  will  progress  down  stream  with  a  diminishing  pressure 
to  some  natural  outfall  bslow  the  dam.  Taken  as  a  whole,  then,  one 
would  suppose  that  the  upward  pressure  would  not  much  exceed  that 
due  to  half  the  depth  of  water  in  the  reservoir.  Again,  it  does  not 
seem  rational  to  suppose  that  this  pressure  is  continuously  distributed 
over  the  entire  base,  but  only  at  and  near  the  location  of  fissures  in  the 
bed-rock  or  foundation.  The  writer  certainly  believes  in  piping  all  the 
bad  springs  found  in  the  foundation  and  taking  them  to  the  lower 
toe  of  the  dam  where  they  may  discharge  freely  into  the  creek  bed. 

In  designing  large  masonry  dams  another  matter  must  be  con- 
sidered, namely,  what  may  be  called  the  middle  third  fad.  In  de- 
signing dams  of  moderate  height,  this  law  is  harmless  and  near 
enough  for  practical  purposes,  but  when  it  comes  to  designing  a  great 
dam,  250  ft.  in  height,  then  the  middle  third  fad  becomes  a  veritable 
monstrosity.  It  leads  to  an  enormous  waste  of  masonry  and  all  to  no 
purpose.     Just  what  law  to  use  as  a  substitute,  the  writer  is  not  pre- 
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pared  to  say,  since  the  whole  subject  is  fraught  with  speculation  as  Mr.  Le  Conte. 

yet;  but  it  is  safe  to  say  that  if  the  oblique  resultant   (empty  or  full) 

comes  within  the  middle  half  of  the  base,  the  actual  resultant  will  be, 

in  point  of  fact,  much  inside   the  middle  third.     All  practical  and 

theoretical  knowledge  £>oints  this  way.     In  short  the  ordinary  straight 

line  formula  for  distribution  of  pressure  on  the  base  of  the  dam  is  of 

no  value  whatever  when  it  comes  to  be  applied  to  the  designing  of 

large  masonry  dams.     The  toe  pressure  adopted  by  the  author,  7.2 

tons  per  square  foot,  is  too  low  entirely;  good  masonry  will  stand  10 

to  12  tons  easily. 

H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  author  seems  to  have  quite  Mr.  Dunham, 
overlooked  the  advantage  derived  from  the  tensile  strength  of  the  ma- 
terial used  in  the  construction  of  masonry  dams.  It  is  true  that  water 
will  percolate  through  masonry.  Imagine  a  structure  like  the  Quaker 
Bridge  Dam  carved  out  of  a  single  block  of  porous  sandstone  ;  water 
would  find  its  way  through  in  considerable  quantity,  but  with  the  water 
pressure  per  square  inch  much  less  than  the  tensile  strength  per  square 
inch  of  the  sandstone,  there  would  be  no  danger  of  overthrow.  Imagine, 
now,  a  horizontal  seam  dividing  the  structure  at  a  considerable  depth 
into  two  parts  ;  the  stability  would  be  greatly  diminished.  But  such  a 
seam  or  crack,  not  impossible  in  nature  where  the  scale  of  operations 
is  proportionately  in  excess  of  anything  man  tries  to  do,  should  not 
be  anticipated  in  any  first  class  masonry  construction.  It  is  the  func- 
tion of  good  work  to  guard  completely  against  such  conditions.  It  is 
not  evident  that  settlement  or  fissure  cracks  can  be  of  the  implied  ex- 
tent. Any  one  who  has  had  occasion  to  demolish  with  drills,  bars  and 
dynamite  any  well  built  piece  of  masonry  will  understand  that  the 
"  path  "  area  is  limited  to  a  very  small  percentage  of  the  whole  area. 

A  structure  like  the  one  referred  to  might  be  supposed  to  rest  upon 
material  that  had  no  tensile  strength  and  was  quite  pervious  to  water, 
but  no  one  could  fairly  be  supposed  to  build  upon  such  a  foundation, 
and  it  is  not  usual  to  generalize  for  exceptional  localities.  The  founda- 
tion and  the  structure  should  be  properly  related,  made  as  nearly  as 
possible  like  one  continuous  mass,  and  the  whole  treated  in  each  in- 
stance so  as  to  insure  safety  and  to  avoid  needless  expense. 

John  D.  VanBuren,  M.Am.  Soc.  C.  E. — In  defining  his  position,  Mr.VanBuren. 
Mr.  Wegmann  admits  that  if  the  assumptions  are  correct,  the  proposed 
section  is  properly  designed.  This  leaves  only  one  point  at  issue,  the 
assumption  of  a  water  pressure  on  the  base.  On  this  point  the  late 
James  B.  Francis,  Past-President  Am.  Soc.  C.  E.,  in  his  paper  on  high 
dams,  says: 

"  On  the  base  of  a  wall  founded  on  a  rock,  having  numerous  seams, 
containing  water  under  a  head,  the  flow  from  which  is  not  carried  off 
by  drains,  an  upward  pressure  may  be  transmitted  through  the  mortar 
to  the  entire  base."* 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XIX,  p.  169. 


5 1 8 


CORRESPONDENCE    <»\    III*.  II    MASONRY     DAM-. 


Mr.  Vim  Baron.       In  discussing  Mr.  Francis1  paper,  Joseph  J'.  Frizell,  M.  Am.  Boo. 
C.  E.,  says: 

"No  dam,  as  ordinarily  constructed,  can  be  wholly  free  from  action 
of  this  khul."* 

F.  Collingwood,  M.  Am.  Soc.  C.  E.,  in  the  same  discussion,  says: 
"  The  experiments  on  transmission  of  pressures  through  the  mass 

seem  to  be  conclusive,  and  certainly  point  to  the  necessity  of  taking 

account  of  the  lifting  force  of  the  water,  "f 

The  cases  of  failure  cited  prove  that  water  under  high  head  is 
liable  to  get  under  dams  built  by  skilful  engineers,  making  the  best 
use  of  available  material,  and  with  appalling  results.  It  seems  like 
begging  the  question  to  contend  that  the  failures  were  due  to  poor 
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Fig.  7. 

material,  or  that  if  the  rock  foundations  had  been  deeper  there  would 
have  been  no  failure.  Had  these  dams  had  such  sections  as  are  here 
advocated,  there  could  have  been  no  such  failures. 

Mr.  Wegmann  cites  the  Almanza  Dam,  which  has  stood  for  three 
centuries,  with  a  section  far  below  the  standard  here  advocated.  But 
he  omits  to  state  that  this  is  a  curved  dam  with  a  very  short  radius,  86 
ft.  How  could  it  be  forced  out  ?  The  (Spanish)  Lozoya  Dam  (Fig.  7), 
an  excellent  example  of  engineering  described  in  Mr.  Wegmann's  able 
work  on  "  High  Masonry  Dams,"  has  a  section  exceeding  the  one  pro- 
posed, which  is  probably  based  upon  the  same  theories.  It  was  built 
by  the  royal  engineers,  who  evidently  appreciated  all  the  dangers 
which  might  threaten  its  safety.  Again,  the  Gileppe  Dam  has  a  sec- 
tion greatly  exceeding  the  proposed  standard,   and,   even  if  it  were 

*  The  same,  p.  184. 
t  The  same,  p.  189. 
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raised  50  ft.,  it  would  still  exceed  it.     M.  Bidaut,  the  distinguished  Mr. van  Buren. 
engineer  who  designed  it,  recognized  all  the  probable  dangers  which 
threaten  snch  a  dam,  and  saw  no  economy  without  absolute  safety. 

In  regard  to  the  probability  of  dangerous  cracks,  the  remarks  of 
Mr.  Skinner  are  interesting  and  to  the  point,  also  those  of  Mr.  Emery 
on  concrete  in  the  reservoirs  of  India.  *  It  is  certainly  impossible  to 
build  a  large  mass  of  masonry  without  extensive  cracks.  In  the  case 
of  the  great  Croton  Dam,  there  will  be  acres  upon  acres  of  foundation, 
and  upon  it  there  will  be  built  masonry  as  high  as  the  pyramids.  It 
requires  unlimited  confidence  to  claim  that  this  structure  can  be  built 
water-tight,  or  free  from  dangerous  cracks  and  fissures.  Mr.  Weg- 
mann  cites  two  recent  dams  to  show  that  masonry  in  large  masses 
can  be  made  water-tight.  This  may  be  so  at  first,  but  the  effects  of 
time  are  sure  to  develop  cracks  and  leaks.  Even  absorbed  water, 
under  pressure,  works  its  way  into  streams  through  the  solution  and 
corrosion  of  the  obstructing  material.  Mr.  Allen  and  Mr.  Colling- 
wood  have  suggested  that  only  a  part  of  the  base  pressure  need  be  con- 
sidered, but  the  difficulty  is  to  know  how  much  should  be  assumed. 

As"  the  author  remembers  the  discussion  at  the  meeting,  and  as  he 
now  reads  it,  Mr.  Wegmann  makes  an  important  error  in  regard  to  the 
total  toe  pressure,  confusing  it  with  the  ground  pressure.  The  total 
toe  pressure  assumed  is  30  000  lbs.  per  square  foot,  made  up  of 
15  600  lbs.  from  the  hydrostatic  pressure,  and  14  400  lbs.  from  the 
ground  pressure.  He  also  makes  an  important  error  in  stating  that  the 
total  toe  pressure  would  be  increased  in  case  the  water  failed  to  pene- 
trate the  base  of  the  section  as  designed.  The  omission  of  the  base 
water  pressure  would,  on  the  contrary,  reduce  the  toe  pressure  from 
30  030  to  25  000  lbs.     Mr.  Le  Conte  makes  a  similar  error. 

In  adopting  the  theory  of  the  middle  third,  the  author  is  charged 
with  the  "perpetuation  of  an  admitted  error.''  Every  theory  is, 
more  or  less,  an  "admitted  error,"  and  it  is  necessary  to  cling  to  the 
imperfect  theory  given  by  the  highest  authorities  until  a  better  and 
safer  one  is  advanced.  The  author  knows  of  none.  As  to  this  theory 
leading  to  a  "veritable  monstrosity,"  it  may  be  remarked  that  the 
theory  of  f  rictional  stability  leads  to  the  same  result.  This  is  certainly 
not  a  fad.  The  criminal  is  neither  of  these,  but  the  assumption  of  a 
base  water  pressure. 

It  has  been  suggested  that  the  role  in  designing  such  a  structure 
should  be  economy  with  sufficient  safety.  In  the  case  of  the  great 
Croton  Dam,  sufficient  safety  must  mean  safety  as  absolute  as  skill 
and  money  can  make  it.  New  York  cannot  afford  to  take  the  remotest 
risk  in  its  construction.  The  results  of  a  failure  would  be  appalling, 
the  flood  wave  would  sweep  to  destruction  the  whole  western  border 
of  the  city,  with  countless  lives,  buildings,  docks  and  shipping. 

*  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXXIV,  p.  252. 
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Mr.VanBuren.  In  conclusion,  the  author  regrets  thai  fche  old-fashioned  type  of 
dam,  with  the  Hat  Blope  up  stream,  has  been  discarded.  As  used  in 
masonry,  it  is  in  harmony  with  true  principles  which  forbid  tension 
or  bending  strains,  and  utilizes  an  important  elemenl  of  safety  from 
its  shape  alone,  viz.,  the  weight  of  the  overlying  water. 
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HOLLOW  TILE  FLOORS,  PAST  AND  PRESENT. 


By  Fr.  von  Emperger. 
Head  at  the  Annual  Convention,  Jcne,  1895. 


The  use  of  hollow  tile  for  floor  construction  is  scarcely  known  in 
Europe.  The  most  recent  European  designs  with  flat  ceilings  have  not 
yet  overcome  the  difficulty  of  dividing  the  span  into  several  blocks, 
and  always  use  one  continuous  tube  of  tile  covering  the  whole  span, 
as  shown  by  the  French  design,  Fig.  1.  This  type  is  the  same  as  the 
Liverpool  "flags"  used  in  1853,  and  introduced  again  by  Homan  & 
Eodgers  in  1885.  A  recently  adopted  German  design  shows  divi- 
sions, but  the  vertical  joints  are  bound  together  by  imbedded  iron 
rods,  as  shown  in  Fig.  2.  It  is  of  interest  to  compare  these  two 
recent  designs  with  Fig.  3,  illustrating  a  type  proposed  in  1873  by 
Mr.  Wear  L.  Drake,  of  Chicago,  111.  Notwithstanding  the  21  years 
which  have  passed,  this  simple  design  has  not  yet  found  its  way  across 
the  ocean,  and  the  reason  for  this  is  probably  the  cost  of  its  produc- 
tion, as  machine  work,  which  has  a  most  important  part  in  its  manu- 
facture, is  admittedly  cheaper  in  the  United  States  than  in  Europe. 
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The  sniiill  spans  used  iii  Europe,  8  ft.  at  fche  most,  involve  a  waste 
of  iron  and  flooi  material,  and  hollow  tile  could  not  compete  suoo< 
fully  with  the  ooncrete  construction  which  has  conic  Into  such  great 
prominence  in  Europe  as  a  tire-proofing  material,  especially  an  the 
cement  and  hand  labor  used  in  concrete  is  comparatively  cheaper 
tli  ere. 

All  European  types  of  hollow  tile  flat  arches  could  be  better  termed 
hollow  tile  ceilings,  as  they  are  designed  to  furnish  a  flat  fireproof 
ceiling,  concrete  being  used  where  strength  is  needed.  The  origin  of 
the  "old  style"  hollow  tile  floor  arch  is  probably  indicated  by  a  pat- 
ent granted  to  Johnson  &  Kreischer,  March  21st,  1871.  The  first  hol- 
low tile  flooring  was  in  the  corridors  of  the  New  York  Post  Office  and 
in  the  Coal  and  Iron  Exchange  in  New  York,  built  about  1872.  Next,  it 
was  employed  in  the  Kendall,  now  Equitable,  Building  and  the  Criminal 
Court  Building,  both  in  Chicago.  It  was  used  in  1876  in  the  Chicago 
Court  House,  and  in  1877-78  in  the  Van  Corlear  flats  in  New  York.  It 
seems  a  well-established  fact  that  its  use  was  not  general  before  the 
style  of  building  known  as  skeleton  construction  was  generally  adopted, 
which  cannot  be  assumed  to  be  before  1889.  Fig.  4  is  taken  from  an 
old  publication  of  the  Phoenix  Iron  Company  in  the  early  eighties, 
and  it  is  stated  there  "  as  usually  made." 

Two  distinct  types  of  arches  have  appeared  on  the  market,  which 
have  been  developed  independently  and  differ  in  the  relative  position 
of  the  openings  and  the  beams.  These  openings  are  either  parallel 
with  the  beams,  as  in  the  "old  style  "  shown  in  Fig.  6,  or  are  perj^en- 
dicular  to  them,  as  in  the  "  end  construction,"  the  latter  with  its  variety 
of  through  construction  (see  Fig.  5),  or  with  separate  skewbacks. 

Attention  is  next  drawn  to  the  different  arrangements  of  the  ribs  in 
the  blocks  and  their  development.  It  can  be  easily  seen  that  their  pri- 
mary arrangement,  as  shown  in  Fig.  4,  gives  full  justice  to  the  engi- 
neering aim,  that  of  an  arch  with  a  horizontal  ceiling  below.  It  is  a 
flat  arch  with  solid  blocks,  having  the  superfluous  material  removed. 
Mr.  Drake  had  an  alternative  design  (Fig.  3),  with  horizontal  ribs, 
which  are  connected  in  no  way  with  the  stresses  of  the  whole  con- 
struction, and  tend  only  to  stiffen  the  block  in  its  manufacture  and 
handling.  The  further  development  has  followed  the  same  track  with 
the  exception  of  some  well  known  skewback  designs  having  curved 
ribs,  and  some  designs  and  patents  which  never  came  into  general  use. 
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Comparing  both  the  Drake  arrangements  shown  in  Fig.  8,  the 
author  believes,  from  several  independent  tests,  that  with  horizontal 
ribs  the  section  devoted  to  an  arch-like  action  is  comparatively  weak, 
and  sueli  a  floor  will,  after  some  time,  carry  a  load  largely  by  its  beam- 
Like  aetion  by  the  help  of  strong  mortar  joints,  provided  fchey  are 
properly  made.  This  is  also  proved  by  the  tests  with  arches  20  days  old, 
made  in  1891  by  W.  E.  Cutshaw,  M.  Am.  Soc.  C.  E.,  City  Engineer  of 
Richmond,  Va.  In  two  tests,  both  with  12-in.  blocks,  three  g-in.  ribs 
and  a  span  of  4£  ft. ,  one  arch  cracked  in  the  key  at  277  lbs.  and  broke  at 
554  lbs.  per  square  foot  (arch-like  action),  while  the  other  showed  no 
crack  at  all  until  it  suddenly  collapsed  under  1  000  lbs.  per  square  foot 
(beam-like  action).  In  two  other  tests  of  arches  40  days  old,  with  a 
span  of  3J  ft.,  made  of  12-in.  blocks,  as  above,  one  broke  at  770  lbs., 
while  the  other  stood  1  005  lbs.  per  square  foot,  without  cracking. 

It  is  easy  for  anyone  to  convince  himself  concerning  these  two 
different  actions  by  closely  observing  a  test  of  a  flat  arch.  There  are 
two  ways  in  which  they  may  be  noticed.  In  the  first  cracks,  in  the 
bottom  of  the  center  do  not  appear  before  there  is  a  comparatively  high 
load  applied.  This  will  happen  when  the  mortar  is  strong  enough  and 
carefully  enough  placed  to  bear  the  tension  stress  for  a  while,  which 
depends  upon  the  setting  time  and  the  quality  of  the  cement  used 
and  its  proportion.  The  second  method  of  failure  will  happen  with  a 
new,  weak  or  badly  made  mortar.  Cracks  appear  very  soon,  going 
higher  quickly  and  extending  up  to  two-thirds  to  five-sixths  of  the 
height,  according  to  the  depth  of  the  part  under  tension.  Only  the 
second  case  should  be  considered,  following  the  approved  practice 
never  to  rely  on  tension  in  the  mortar  joints  of  an  arch  and  to  increase 
the  section  devoted  to  compression  according  to  the  load  for  which  it  is 
designed. 

It  can  be  seen  that  in  the  first  case  the  arch-like  action  sets  in  com- 
paratively late,  and  with  a  weak  arch  section  the  smallest  crack  is  fol- 
lowed quickly  by  smashing  the  whole  piece;  while  in  the  second  case 
with  a  strong  arch  section,  the  results  attained  are  always  the  same, 
and  cracks  may  appear  at  the  bottom  which  are  not  followed  by  a  sud- 
den collapse. 

The  arrangement  of  the  ribs  shown  in  the  through  construction 
(Fig.  5)  is  quite  a  departure,  and  needs  special  consideration  on  account 
of  its  simple  manufacture.     It  is  the  same  tube  which  European  manu- 
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factniers  ;ulvocate  (see  Fig.  1).     The  large  span  requires  an  increase 

of  section,  and  convenience  in  manufacture  necessitates  cutting  it  in 
pieces  with  inclined  joints.  Only  the  vertical  solid  ribs  transmit 
strains,  the  horizontal  ribs  serving  to  stiffen  the  block.  AVith  a  proper 
height  and  width  of  these  vertical  ribs  any  strength  desired  can  be 
attained:  but  as  the  upper  part  only  of  these  vertical  rib-  i-  acting  as 
an  arch,  it  has  necessarily  to  be  very  strong,  and  will  require  about 
the  same  amount  of  material  lid  flat  arch. 
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The  comparative  design,  Pig.  5.  shows  that  such  a  hollow  tile  arch 
occupies  only  one-fourth  of  the  section  of  a  solid  arch,  and  if  it  is  to 

be  kept  within  the  same  limits,  which  means  to  use  the  same  amount 
of  tile,  this  cannot  be  done  otherwise  than  at  the  expense  of  strength. 
This  ratio,  1  to  4,  will  necessarily  be  changed  somewhat  by  the  addi- 
tional material,  which  stiffens  this  construction  against  eccentric  load- 
ing and  gives  it  a  better  side  bearing  than  the  solid  arch,  which  should 
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always  be  bested  eccentrically.  Efforts  have  been  made  to  strengthen 
bhis  style  by  Inserting  wires,  but  this  combination  of  tile  and  iron  did 
not  find  favor  for  several  reasons. 

The  author's  efforts  were  directed  to  get  the  desired  strength  by  a 
different  arrangement  of  the  ribs,  and  to  arrange  them  where  really 
wanted.  In  the  design  shown  in  Fig.  8  an  attempt  was  made  to  satisfy 
this  requirement  by  an  arch-like  arrangement  of  the  ribs  by  in- 
creasing their  tile  section  against  the  haunches,  and  thereby  stiffening 
them  there.  This  is,  of  course,  only  a  development  of  the  older  style 
shown  in  Fig.  4,  and  departs  from  it  in  details  only.  The  author  en- 
deavored to  make  some  tests  to  substantiate  his  theory.  Inquiries 
made  as  to  the  manufacture  of  such  test  arches  at  the  most  prominent 
tile  manufactories  have  shown  that  they  are  all  willing  to  have  the 
patterns  made  if  a  large  enough  order  is  given,  and  that  this  type 
of  block  with  curved  ribs  (Figs.  8  and  9),  could  be  had  as  cheap  as 
any  other  style  of  hollow  tile  floor  of  corresponding  section.  But  for 
a  small  experiment  only,  the  cost  runs  rather  high,  and  the  author  found 
a  cheaper  and  as  satisfactory  a  way.  Instead  of  making  new  blocks, 
he  built  the  arch  shown  in  test  No.  2,  Fig.  6,  which  must  at  least  show 
the  strength  of  the  design  as  it  is  given  in  Fig.  8.  The  tests  Nos.  1 
and  2,  Fig.  6,  were  made  in  connection  with  others  of  the  Melan  type 
by  a  hydraulic  testing  machine,  which  was  built  by  George  Hill,  Assoc. 
M.  Am.  Soc.  C.  E.,  especially  for  that  purpose. 

Mr.  Hill  was  asked  to  select  a  reliable  mason,  who  was  given  the 
design  (Fig.  6),  with  an  order  to  build  it  in  a  frame  consisting  of  two 
12-in.  beams  connected  by  heavy  tie-rods.  The  arches  were  built 
January  12th,  1895,  which  was  a  mild  day,  and  were  tested  on  January 
25th.  It  may  be  said  that  the  material  was  bought  in  open  market  from 
a  well-known  manufacturer  and  was  put  together  with  the  greatest  care. 

Following  is  Mr.  Hill's  report: 

"Tests  were  made  using  my  hydraulic  plunger  testing  machine 
of  70  000  lbs.  capacity;  the  pressures  are  registered  by  means  of 
a  Bristol  pressure  recording  gauge  which  was  calibrated  before  and 
after  the  test,  and  the  cards  corrected  for  all  error.  Deflections  were 
measured  with  an  |_-shape  multiplying  lever  multiplying  the  deflec- 
tions 10  times  and  correct  within  the  small  range  of  deflection  noted. 
.  "  The  application  of  the  load  was  made  by  leveling  up  with  sand 
and  gravel  on  top  of  the  arch  a  space  about  l£  ft.  by  2  ft.,  the  long 
dimension  being  parallel  with  the  skewback  beams.  On  top  of  this 
a  piece   of  bluestone  2  x  15  x  25  ins.  was  placed,  and  then  wooden 
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blocking.     The  weight  of  the  blocking,  stones  and  sand  was  about 
200  lbs. ,  and  was  added  to  the  loads  recorded  by  the  gauge. 

"All  calculations  are  made  with  a  10-in.  slide  rule  and  may  there- 
fore be  in  error  about  2  per  cent. 

"  Test  No.  1. — This  was  a  test  of  a  side  construction  arch  of  10-in. 
blocks,  6-ft.  span,  4  ft.  3  ins.  wide,  parallel  with  the  skewback  beams, 
with  two  2  x  J-in.  tie-rods  turned  over  the  end  of  the  skewback 
beams,  the  section  of  the  arch  and  its  general  dimensions  being  as 
given  in  Fig.  6.  The  arch  blocks  were  of  hard  tile  and  represented 
about  a  fair  average  of  the  usual  hard  tile  blocks  furnished  to  the 
average  building,  and  were  much  less  strong  than  the  best  of  hard  tile 
blocks,  in  my  opinion. 

"  The  arch  failed  without  appreciable  deflection  by  crushing  in  the 
top  horizontal  piece  or  member  of  the  block  next  to  the  key,  or  about 
10  ins.  away  from  the  center,  under  a  load  of  10  600  lbs.  The  failure 
was  a  true  crushing  of  the  material  and  afterwards  the  first  rib 
down  went  as  well.  The  loaded  area  was  about  1  sq.  ft.  The  arch 
area  was  about  26  sq.  ft.;  load  per  square  foot,  408  lbs.,  calculated  on 
total  area  of  arch. 

"  Compression  in  the  arch  can  be  computed  in  either  of  two  ways: 
First,  on  the  assumption  that  the  effective  rise  is  from  the  junction  of 
the  flange  of  the  floor  beam  forming  the  skewback  with  its  web  up  to 
the  center  of  the  second  rib  down  from  the  top,  which  may  be  taken 
at  5  ins.  Second,  measuring  from  the  same  point  to  the  center  of  the 
top  web  of  the  arch,  in  which  case  the  depth  could  be  taken  a3  8  ins. 
If  we  assume  12  ins.  as  the  length  in  which  the  compression  exists, 
which  is  probably  less  than  the  truth,  we  would  have  a  total  com- 
pression under  the  first  condition  of  38  160  lbs.,  which,  distributed  on 
12  lin.  ins.,  would  give  1410  lbs.  per  square  inch,  and  a  tension 
in  the  tie-rod  of  12  720  lbs.  per  square  inch.  If,  on  the  other  hand, 
we  assume  that  the  load  was  borne  entirely  by  12  ins.  of  the  top  rib, 
we  should  then  have  a  total  compression  of  23  850  lbs.  or  2  650  lbs.  per 
square  inch.  The  tension  in  the  tie-rods  would  be  7  950  lbs.  per  square 
inch.  From  what  we  know  of  this  material,  I  am  inclined  to  think 
that  there  must  have  been  an  initial  failure  at  some  one  point  which 
carried  more  than  the  above  amount.  If,  instead  of  assuming  that  the 
arch  failed  first  immediately  under  the  load,  we  should  assume  that  it 
failed  entirely  across  the  width  of  the  top  member,  the  fiber  strains  in 
the  tile  would  be  reduced  in  the  ratio  of  4.25  to  1.  This  assumption 
I  believe  to  be  certainly  incorrect  from  the  manner  in  which  the  failure 
occurred. 

"The  load  per  lineal  foot  of  skewback,  1260  lbs.,  is  noticeably 
higher  than  that  sustained  in  many  former  arch  tests,  and  also  notable 
from  the  fact  that  failure  generally  occurs  in  the  skewbacks.  The  rate 
of  application  of  the  load  is  graphically  shown  in  Fig.  7.     , 
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"Test  No.  2. — This  was  a  test  of  a  segmental  arch  math'  of  poor  hard 
tile  blocks  6  ins.  deep  of  sect  Lou  as  shown  in  Pig.  6.  Spun  was  6  ins. 
Width  along  skewbaoks,  4  ft.  Rise,  6  ins.  Skews  were  nol  well  fitted 
and  were  not  of  a  very  good  type.  There  was  Borne  filling  on  the 
haunches  of  tin1  aroh. 

"The  drawing  (Fig.  7)  shows  the  rate  of  application  of  the  load,  and 
also  the  deflection  of  the  crown  of  tin4  arch  under  it,  the  same  Bpacing 
representing  load  in  thousands  of  pounds  and  the  deflections  in  0.05 
in.  The  failure  occurred  just  off  the  center,  the  block  failing  along 
the  line  shown,  one  part  dropping  below  the  other  and  indicating  a 
partial  shearing  action,  under  a  load  of  19  000  lbs.  No  opening  at  the 
haunches  observed.  Calculating  the  effective  rise  as  6  ins.,  the  com- 
pression on  the  center  of  the  arch  amounted  to  a  total  of  57  000  lbs.  The 
tension  in  the  tie-rods  amounted  to  19  000  lbs.  per  square  inch.  The 
depression  in  the  center  amounted  to  0.4  in.,  and  the  elongation  of  the 
tie-rods  to  about  0. 12  in.  The  load  per  square  foot  of  arch  area  was 
792  lbs. ,  load  per  lineal  foot  of  skewback  2  375  lbs. ,  and  the  effective 
loaded  area  about  l£  sq.  ft." 

By  comparing  these  figures  with  an  equally  distributed  load  as 
specified  by  the  building  laws,  it  will  be  found: 

That  test  No.  1  carried,  corresponding 

to  the  center  load 816  lbs.  per  square  foot. 

And  in  addition  to  that  its  own  dead 

load  of 40 

Total  breaking  load 856 

While  Test  No.  2  carried,  correspond- 
ing to  center  load 1  584  "  " 

And  in  addition  to  that  its  own  dead 

load 32 

Total  breaking  load 1  616 

The  general  practice  requires  in  these  structures  a  factor  of  safety 
of  ten,  but  this  might  be  reduced  in  regard  to  its  own  dead  load  by  one- 
half,  a  suggestion  which  is  well  founded  by  a  corresponding  practice  in 
bridge  building.  Then  with  a  dead  load  of  75  lbs.  per  square  foot  for 
finished  floor  (375  lbs.)  there  remains  for  Test  No.  1  a  balance  of  the 
breaking  load  of  481  lbs.  per  square  foot,  or  a  safe  live  load  of  48  lbs. 
per  square  foot,  and  for  Test  No.  2,  1  241  lbs.  per  square  foot,  or  a  safe 
live  load  of  124  lbs.  per  square  foot. 
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The  smallest  load  the  building  laws  allow  is  70  lbs.  per  square  foot 
in  dwellings,  so  that  the  floor  section  in  Test  No.  1  did  not  come  up 
even  to  this  moderate  requirement,  while  Test  No.  2,  having  the  same 
tile  section,  is  adapted  to  bear  a  load  of  124  lbs.  per  square  foot,  and  is 
adequate  to  carry  any  weight  expected  in  ordinary  buildings,  especially 
as  the  strength  would  naturally  be  still  increased  by  an  arrangement 
such  as  is  shown  in  Fig.  8. 

The  breaking  load  of  Test  No.  1  of  856  lbs.  per  square  foot  is  about 
the  same  as  other  experiments  have  shown  by  careful  and  repeated 
testing,  although  reliable  tests  are  scarce,  and  most  of  them  are  not 
arranged  so  as  to  prove  of  scientific  value. 

To  illustrate  by  a  single  case  how  even  a  very  faithful  experimenter 
may  succeed  in  getting  deceptive  results,  reference  is  made  to  the  tests 
of  flooring  carried  out  in  Denver  in  1890.* 

The  tests  were  made  by  loading  the  arches  with  a  mass  of  loose  bricks. 
A  uniformly  distributed  load  by  such  big  piles  should  not  be  used  in 
these  tests,  because  it  represents  a  solid  block  which  cannot  follow  the 
deflection  of  the  floor  below  it,  so  that  by  an  unnoticeable  deflection 
the  center  relieves  itself  and  the  load  spreads  to  the  haunches.  Even  if 
this  is  not  the  case,  it  is  never  known  how  the  load  is  really  distributed. 
For  this  reason,  as  well  as  on  account  of  the  great  convenience  in  hand- 
ling, it  is  believed  that  Mr.  Hill's  method  will  create  a  turning  point 
to  sound  practice  in  testing  and  consequently  in  floor  construction  it- 
self. 

The  present  practice  is  that  an  engineer's  duty  ends  after  designing 
the  iron- work,  and  then  the  architect  writes  the  words  "hollow  tile 
floor"  across  the  design.  How  this  hollow  tile  floor  shall  be  made, 
how  deep  the  block,  and  how  thick  the  tile  section,  does  not  seem  to  be 
considered  in  connection  with  the  span  and  the  floor  load  as  is  done  in 
regard  to  iron,  but  is  simply  a  matter  decided  generally  by  the  cost, 
sometimes  by  chance,  but  always  for  the  convenience  of  the  manu- 
facturer who  gets  the  contract. 

The  fact  that  this  style  of  flooring  is  now  used  for  warehouses  and 
even  for  floors  intended  for  the  heaviest  moving  loads  in  manufactur- 
ing plants,  and  that  this  is  done  with  practically  the  same  8-in.  blocks 
employed  in  office  buildings  indicates  that  the  building  laws  should 
prescribe  an  adequate  section  according  to  the  load  and  span,  and  the 

*See  the  American  Architect,  Vol.  XXXT,  p.  195. 
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author  Bubmits  the  following  draft  of  such  requirements  as  a  basis  for 

discussion: 

Fig.  9.  Fig.  8. 

Live  load.     Pounds  per  square  inch 70  100  120  i:><) 

Largest  permissible  span.     Inches 5  6  6  6 

Size  of  block.     Inches  8  9  10  12 

Number  of  ribs 2  2  3  3 

Thickness  of  ribs  at  crown.     Inches £  $  f  f 

Thickness  of  ribs  at  haunches Increasing  33  per  cent. 

Dead  load  of  tile  arches.     Pounds  per  square 

foot 30  35  40  45 

There  is  already  a  reduction  of  dead  load  in  case  of  small  live  loads, 
and  it  is  believed  that  still  smaller  dimensions  might  be  warranted 
by  further  tests. 

It  is  a  remarkable  claim  for  the  present  style  of  flooring  that  by 
the  use  of  horizontal  ribs  the  arches  are  not  confined  to  certain  spans, 
but  that  one  and  the  same  block  can  be  so  arranged  as  to  fit  in  any 
span  desired  without  increasing  the  costs  of  setting  and  manufacture. 
It  is  important  to  state,  that  by  a  special  arrangement,  which  would 
take  too  much  space  to  explain,  the  author  has  succeeded  in  making 
the  same  claim  in  regard  to  the  curved  ribs.  There  is,  of  course,  no 
difficulty  in  giving  those  blocks  a  horizontal  top,  as  shown  in  Fig.  9. 
In  either  case  there  is  no  need  of  concrete,  except  in  the  haunches  in 
Fig.  8,  while  it  is  a  well  known  secret  that  the  concrete  cover  of  the 
present  flat  arch  is  sometimes  the  only  thing  which  gives  it  the 
necessary  strength,  and  that  the  tile  section  sometimes  used  in  public 
buildings  is  of  surprising  flimsiness. 

There  is  now  a  deplorable  difference  between  the  tile  which  the 
manufacturer  uses  for  his  own  tests  and  those  bought  in  open  mar- 
ket. There  is  a  further  difference  in  the  quality  and  quantity  of  the 
cement  used  in  tests  and  in  regular  construction.  The  mortar  used  in 
tests  should  be  of  the  jjoorest  quality  that  will  be  employed  in  actual 
work,  and  it  would  be  the  best  endorsement  of  an  arch,  if,  with  the 
use  of  sand  alone,  the  tests  give  satisfactory  results. 

It  seems  to  the  author  that  there  is  an  improvement  in  the  type 
shown  in  Figs.  8  and  9,  in  that  the  least  dimensions  are  distinctly 
specified  according  to  the  load,  and,  further,  that  it  is  known  which 
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part  carries  the  weight  and  is  essential  to  strength.  It  is  then  easy  to 
see  that  this  part,  the  arch  proper,  is  composed  of  faultless  material. 
The  remaining  part,  the  suspended  ceiling,  may  have  cracks  and 
breaks,  which  do  not  matter,  and  perhaps  it  could  be  made  either  of 
cheaper  material  or,  at  least,  of  the  thinnest  tile,  to  reduce  the  weight 
and  cost.  As  no  reliance  is  placed  on  the  joint,  the  use  of  a  high- 
grade  cement,  mixed  to  give  a  strong  mortar,  is  unnecessary. 
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MOVING   TWO    36-IN.    WATER    MAINS    WITHOUT 
SHUTTING  OFF  THE  WATER. 


By  E.  C.  Moore,  Jim.  Am.  Soc.  C.  E. 
Read  October  2d,  1895. 


WITH  DISCUSSION. 


The  Metropolitan  Street  Railway  Company  of  New  York  secured 
the  franchise  for  a  cable  road  through  Lexington  Avenue  from  Twenty- 
third  Street  north  to  the  Harlem  River,  and  the  author  has  been  the 
division  engineer  in  charge  of  its  construction.  The  fact  was  recog- 
nized early  that  one  of  the  most  serious  difficulties  to  contend  against 
was  presented  by  the  substructures  already  in  the  street.  With  this 
fact  in  view  an  attempt  was  made  to  get  an  accurate  record  of  exactly 
what  was  in  the  street,  by  looking  up  the  maps  and  records  of  the 
various  gas  companies,  the  city  water  department  and  the  subway 
company. 

The  maps  of  the  gas  companies  were  thoroughly  unreliable  as  to 
location,  as  was  also  the  water  map;  those  of  the  subway  company 
were  a  little  better,  but  not  infallible,  so  at  an  early  stage  in  the  con- 
struction  these   maps   were   entirely  discarded   and   no   calculations 
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were  made  for  the  moving  of  obstructions  until  they  were  actually 
encountered  in  the  work.  It  was  found  more  convenient  and  less 
expensive  to  move  obstructions  after  the  excavation  had  been  com- 
pleted, and  the  extra  expense  of  a  second  digging  was  saved.  More 
obstructions  were  encountered  at  intersecting  streets  than  elsewhere, 
and  it  was  frequently  necessary  to  move  two  or  three  outlying  pipes  01 
subways  in  order  to  get  the  room  required  for  moving  the  one  which 
was  in  the  way. 

While  this  system  worked  very  well  on  Lexington  Avenue,  where 
there  were  no  cars  to  be  taken  care  of  on  side  tracks,  it  would  not 
answer  when  the  work  was  extended  through  Twenty-third  Street, 
where  there  were  not  only  a  large  number  of  cars  to  be  taken  care  of  on 
the  side  tracks,  but  a  heavy  traffic  through  the  street  as  well.  More- 
over, the  business  houses  along  the  line  had  to  have  entrances  to 
handle  their  wares.  Provision  was  also  made  for  two  cables  for 
Twenty-third  Street  proper,  in  addition  to  the  Lexington  Avenue 
cables,  and  the  construction  problem  was  therefore  a  complicated  one. 
All  the  mains  which  were  parallel  to  and  within  the  tracks  already  in 
use  were  replaced  by  new  mains,  laid  on  the  outside,  and  in  some 
cases  new  mains  were  laid  on  one  side  of  the  street,  when  there  was 
already  a  main  on  the  other  side,  in  order  to  get  rid  of  the  house  con- 
nections, which  usually  ran  too  high  for  the  cable  construction. 

The  success  of  these  operations  was  encouraging  and  furnished 
ground  for  the  belief  that  it  would  be  possible  to  move  two  36-in. 
water  mains  in  Broadway,  between  Twenty-second  and  Twenty-third 
Streets  without  shutting  off  the  water,  which  would  not  be  permitted 
by  the  Department  of  Public  Works.  These  mains  were  laid  in  1839, 
and  had  joints  every  9  ft. 

It  was  decided  that  the  pipes,  which  had  to  be  dropped  a  maximum 
distance  of  2  ft.  and  moved  laterally  1  ft.,  should  be  lowered  by 
chains  and  turn-buckles  swung  from  yokes  placed  over  them  at  each 
joint.  The  yokes  were  made  of  8  x  12-in.  yellow  pine,  the  posts  being 
8  ft.  6  ins.  long  set  on  a  wooden  foot  block  of  5  x  12-in.  yellow  pine 
2  ft.  long,  and  the  cap  piece  was  about  11  ft.  long,  being  9  ft.  between 
the  post-. 

The  posts  were  sawed  off  square,  and.  after  they  were  set  up  in 
place,  the  cap  piece  was  laid  on  top  of  them  without  framing,  then  cap 
and  post  were  fastened  together  by  a  cleat  of  2x9-in.  spruce  about  2  ft. 
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Long,  which  was  nailed  to  their  swics.  one  being  used  at  each  post  and 
on  opposite  Bides  of  the  bout.  Then  two  diagonal  braees  about 
3  ft.  long  of  2  x  9-in.  spruce  were  nailed  diagonally  from  the  oap 
piece  to  the  opposite  side  of  the  post. 

As  soon  as  the  first  bent  was  set  np  and  braced  from  the  gronndr 
the  next  bent  was  set  up,  and  the  two  were  fastened  together  by 
nailing  two  pieces  of  2  x  9-in.  spruce  on  top,  reaching  from  one  bent 
to  the  other  at  the  ends>  and  so  on  until  twenty  bents  were  in  place. 

Then  the  chains,  which  were  of  g-in.  round  iron  with  links  7  ins.  long 
on  the  inside,  were  put  in  place  (see  Plate  VII).  The  chain  which  went 
over  the  yoke  was  5  ft.  long,  and  that  which  went  around  the  pipe  was  11 
ft.  long.  There  were  two  turn-buckles  at  each  bent,  so  that  the  chain 
would  not  have  to  slip  around  the  pipe  or  the  timber  in  lowering. 
Each  turn-buckle  was  of  1^-in.  iron,  with  hooks  on  each  end,  and  could 
lower  12  ins.  without  changing  hooks.  The  hooks  were  made  to  just 
fit  in  the  links  of  the  chain,  and  w'hen  the  pipe  was  dropped  as  far  as 
the  turn-buckle  would  go,  each  turn-buckle  was  taken  off  in  turn  and 
the  hooks  placed,  in  links  nearer  the  end  of  the  chain,  when  the  lower- 
ing proceeded  as  before.  Everything  was  made  of  sufficient  strength 
to  allow  of  every  other  turn-buckle  being  taken  entirely  off  without 
blocking  the  pipe.  This  proved  of  great  advantage,  as  much  time 
would  have  been  lost  if  it  had  been  necessary  to  lower  the  pipe  down 
on  blocks  in  order  to  change  the  turn-buckle. 

When  the  lowering  of  the  pipe  began,  it  was  decided  to  move  it 
side  wise  at  the  same  time.  This  wras  accomplished  by  hanging  the 
chains  over  the  cap  piece  a  few  inches  to  one  side  of  a  perpendicular 
through  the  center  of  the  pipe,  and  putting  a  brace  of  4  x  6-in.  spruce 
from  the  end  of  the  cap  pieces  to  the  bank,  to  prevent  the  carrying  over 
of  the  top  of  the  bent  toward  the  pipe,  instead  of  the  desired  move- 
ment of  the  pipe  in  the  opposite  direction.  At  the  same  time,  a  brace 
of  2  x  9-in.  spruce  was  added  at  each  end  of  each  bent,  running 
diagonally  down  from  the  top  of  one  bent  to  the  bottom  of  the  next, 
and  in  opposite  directions  at  the  opposite  ends  of  the  bents.  This 
was  to  take  care  of  the  torsional  strain  caused  by  the  cap  piece  being 
at  right  angles  to  the  pipe.  By  moving  the  chains  along  the  cap  piece 
a  few  inches  at  a  time,  it  wras  found  that  wrhen  the  pipe  was  down  it 
was  exactly  in  position  sidewise  also. 

By  beginning  at  one  end,  it  was  possible  to  lower  the  first  100  ft. 
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of  the  pipe  into  position,  and  to  take  down  and  move  ahead  the  first 
eleven  bents;  then,  as  the  pipe  came  into  position,  each  bent  was  taken 
down  and  moved  ahead  again.  The  two  pipes  lay  parallel  to  each 
other  and  5  ft.  apart  from  center  to  center.  One  pipe  was  lowered  at 
a  time.  There  was  one  hydrant  connection  on  each  pipe  ;  this  was 
cnt  off  ontside  its  gate,  and  a  clamp  of  wood  was  fitted  around  the 
pipe  and  a  long  arm  attached  which  reached  out  to  the  cut  in  the 
connection,  and  gave  it  support  at  that  point.  Clarops  were  put 
around  the  joints  in  the  hydrant  connections,  to  prevent  any  possi- 
bility of  their  blowing  out. 

It  was  found  that  almost  no  calking  was  necessary  during  the 
lowering  of  the  pipes  ;  there  were  occasional  small  leaks,  but  they 
generally  stopped  themselves  as  the  pipe  was  lowered  and  the  joint 
had  a  chance  to  come  back  into  place.  It  was  thought  desirable  to  do 
no  more  calking  on  the  pipe  than  was  absolutely  necessary  until  the 
work  of  lowering  was  entirely  finished  ;  then  all  the  joints  were  gone 
over  and  put  in  good  condition. 

As  it  was  desired  to  push  the  work  as  fast  as  possible,  a  connection 
was  made  with  an  electric  lighting  cable,  and  eight  arc  lights  and 
about  twenty  incandescent  lights  were  set  up,  and  the  work  proceeded 
night  and  day.  Excavation  began  on  June  19th,  and  the  work  of  putting 
in  the  bents  over  the  mains  began  on  June  22d.  Both  pipes  had  been 
moved  and  were  in  place  June  29th,  and  within  another  week  the 
trench  was  filled  and  paved  over,  except  where  the  line  of  the  excava- 
tion for  the  cable  tracks  crossed. 

The  pipes  were  moved  the  extreme  distance  for  100  ft. ,  and  100  ft. 
was  allowed  at  each  end  of  this  distance  for  the  gradual  swing,  so  as 
not  to  strain  the  joints  too  much  by  short  bends.  This  made  a  total 
length  moved  of  about  300  feet  for  each  pipe. 

The  approximate  cost  of  the  moving  was  about  as  follows : 

40  l|-in.  turn-buckles  with  hooks  on  each  end. .  8102  40 

320  lin.  ft.  i-in.  B.  B.  chain,  7-in.  links 102  95 

Lumber,  including  bridging  and  wedges 298  74 

Electric  lights 175  00 

City  inspectors 463  62 

Engineers 109  00 

Labor,  carts,  etc « 4  250  00 

Total $5  501  71 
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The  foregoing  oobI  may  be  considered  somewhal  high,  but  while  fche 
main  objeol  sou-lit  was  fche  completion  of  fche  work  m  the  Bhortesl 
possible  time,  every  effort  was  made  to  avoid  unnecessary  expense. 
Nighl  work  adds  very   materially  to  the  cost   of  Enich  andertakic 

ause  a  man  cannot  do  as  mnoh  work  at  night  as  in  t  lie  day  time, 
and  there  is  also  more  opportunity  to  shirk.  The  cost  of  providing 
Lights  and  other  conveniences  and  safeguards  must  be  considered. 


DISCUSSION. 


Mr.  Weguiann.  Edward  Wegmann,  Jr.,  M.  Am.  Soc.  C.  E. — The  speaker  stated  that 
there  were  other  cases  than  those  mentioned  in  the  paper  in  which  36-in. 
mains  in  New  York  City  had  to  be  shifted  and  lowered  to  a  consider- 
able extent. 

When  the  old  Croton  Aqueduct  was  constructed,  the  masonry  con- 
duit terminated  at  a  receiving  reservoir  located  in  what  is  now  Central 
Park.  From  here  two  lines  of  36-in.  mains,  laid  in  Eightieth  Street  to 
Fifth  Avenue,  and  then  down  this  avenue,  conveyed  the  water  to  a  dis- 
tributing reservoir  at  Forty-second  Street.  After  the  mains  had  been 
laid,  changes  were  made  in  the  grades  of  Fifth  Avenue,  which  necessi- 
tated the  lowering  of  the  pipes  at  some  points.  The  first  case  of  this 
kind  occurred  in  1850,  at  Murray  Hill,  near  the  distributing  reservoir. 
At  this  place  the  pipes  had  to  be  lowered  1G  ft.  The  Commissioners  of 
the  Croton  Aqueduct  Department  decided  at  first  to  remove  the  mains 
until  the  avenue  had  been  excavated  to  the  new  grade,  and  then  to 
relay  them.  If  this  had  been  done,  the  only  connection  between  the 
receiving  and  distributing  reservoirs,  for  the  time  being,  would  have 
been  a  line  of  30-in.  mains  that  had  been  laid  the  preceding  year  in 
Third  Avenue.  Mr.  E.  W.  Tracy,  one  of  the  engineers  of  the  Aqueduct 
Department,  who  subsequently  became  chief  engineer  of  the  Croton 
Aqueduct,  proj30sed  a  practical  plan  for  lowering  the  pipes  in  place, 
which  was  accepted  and  successfully  carried  out  under  his  direction. 

At  the  place  in  question  the  material  to  be  excavated  was  hard  pan. 
Small  drifts,  located  about  8  ft.  apart,  were  excavated  under  the  mains. 
In  these  drifts  blocking  was  placed  to  support  the  weight  of  the  pipes. 
After  this  had  been  accomplished,  the  material  remaining  between  the 
drifts  was  excavated.  By  using  jack  screws,  the  blocking  was  then 
gradually  removed  and  the  pipes  lowered  to  the  new  grades,  the  addi- 
tional length  being  obtained  by  the  pipes  drawing  a  trifle  out  of  the 
joints.  Only  one  line  of  mains,  from  which  the  water  was  shut  off,  was 
operated  on  at  a  time,  the  other  line  being  kept  in  service. 
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Another  case  of  this  kind  occurred  in  1856,  on  Fifth  Avenue,  be-  Mr.  Weginann. 
tween  Forty-seventh  and  Fifty-fourth  Streets.  In  this  instance,  the 
two  lines  of  36-in.  mains  were  lowered  a  maximum  distance  of  11  ft. 
without  the  water  being  shut  off  from  either  line.  As  the  excavation 
had  to  be  made  in  solid  rock,  the  pipes  had  first  to  be  shifted  to  one 
side.  This  was  accomplished  after  the  avenue  on  the  east  side  of  the 
mains  had  been  excavated  to  the  new  grades,  by  placing  under  the 
pipes  wooden  saddles  that  rested  on  greased  skids.  The  mains  for  a 
length  of  1  300  ft.  were  then  moved  over  to  the  east,  by  means  of  jack 
screws,  a  maximum  distance  of  10  ft.  After  a  pipe  trench  had  been 
excavated  in  the  middle  of  the  avenue,  the  pipes  were  moved  back  to 
blocking  which  had  been  placed  in  this  trench.  The  lowering  of  the 
mains  was  then  accomplished  in  the  manner  explained  in  the  first  case. 
During  the  shifting  and  lowering  of  the  pipes  but  very  little  calking  of 
the  joints  was  required.  The  work  described,  which  attracted  consid- 
erable attention  at  the  time,  was  performed  under  the  direction  of  the 
late  James  P.  Kirkwood,  Past-President  Am.  Soc.  C.  E.,  subsequently 
chief  engineer  of  the  Brooklyn  Water-Works. 

In  1870,  the  two  lines  of  Fifth  Avenue  mains  had  to  be  lowered 
between  Sixty-eighth  and  Seventy-second  Streets  a  maximum  distance 
of  4  ft.  The  work  was  performed  successfully  under  the  direction  of 
Gen.  George  S.  Greene,  Past-President  Am.  Soc.  C.  E. 

James  Owen,  M.  Am.  Soc.  C.  E. — While  the  speaker  had  no  expe-  Mr  Owen, 
rience  in  moving  large  water  mains,  he  had  lowered  many  small  pipes 
without  shutting  off  the  water.  The  first  he  undertook  to  move  was 
an  8-in.  main  that  was  to  be  dropped  a  number  of  feet.  Elaborate 
preparations  were  made  for  doing  the  work  slowly  and  uniformly,  but 
at  the  last  moment  something  gave  way  and  part  of  the  line  of  pipe 
fell  to  the  bottom  of  the  trench.  It  was  with  considerable  anxiety 
that  he  descended  to  examine  the  condition  of  the  main,  but  when  it 
was  found  to  be  intact  and  tight,  he  experienced  a  change  of  feeling 
and  has  ever  since  felt  confident  of  success  in  such  undertakings. 

Joseph  C.  Peatt,  M.  Am.  Soc.  C.  E. — In  the  summer  of  1894  one  of  Mr.  Piatt, 
the  36-in.  pipes  of  the  Brooklyn  Water-Works  was  uncovered,  and  a 
12-in.  hole  cut  on  one  side  in  order  to  connect  a  pipe  of  that  size  with 
it.  This  36-in.  pipe  was  one  of  the  original  mains  of  the  system.  It 
was  made  in  Scotland  and  laid  as  early  as  1859,  and  was  probably 
well  covered  with  the  genuine  Dr.  Angus  Smith's  coating. 

The  piece  which  was  removed  was  free  from  tubercules,  pitted 
holes  and  all  other  evidence  of  deterioration.*  In  fact,  it  appeared  as 
good  as  many  lengths  which  have  lain  in  a  pipe  yard  for  a  year.  The 
iron  was  strong  and  clean,  a  good  pipe  or  machinery  iron,  and  quite 
different  from  much  that  is  of  later  date. 

*  This  piece  is  now  (October,  1895)  on  exhibition  at  the  office  of  the  Water  Purveyor  of 
Brooklyn.    * 
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Mr.  Piatt.       It  has  been  stated  by  those  in  charge  of  the  Bidgewood  station  of 

the  same  wat  rr-w  oiks,  where  the  water  is  pumped  before  it  runs 
through  these  3()-in.  pipes,  that  the  pump  cylinders  and  chambers 
handling  this  water  are  so  deteriorated  that  the  iron  will  not  hold  a 
tap  bolt,  but  that  it  is  necessary  to  use  bolts  running  through  the 
metal  and  a  packed  washer  on  the  inside,  whenever  it  is  desired  to  make 
an  attachment  to  the  parts  in  question.  The  speaker  did  not  attempt  to 
decide  whether  the  great  difference  in  the  lasting  qualities  of  the  two 
irons  was  due  to  the  fact  that  the  pipes  were  coated  and  the  machinery 
was  not,  or  to  a  difference  in  the  metal  originally,  or  to  the  frequent 
vibrations  of  the  pumps,  from  which  the  pipes  are  free,  or  some  other 
cause. 


CORRESPONDENCE. 


Mr.  Brackett.  Dexter  Brackett,  M.  Am.  Soc.  C.  E.  — The  writer  has  had  occasion 
to  move  a  number  of  large  water  mains,  and  as  the  methods  adopted 
have  been  somewhat  different  from  those  described  by  the  author  of 
the  paper,  a  description  of  the  work  may  have  some  value  to  others  in 
similar  undertakings. 

In  1885-86  the  grade  crossings  of  Brookline  Avenue  and  Beacon 
Street  with  the  Boston  and  Albany  Kailroad  were  abolished,  and  the 
streets  carried  over  the  railroad.  Each  of  these  streets  contained  one 
of  the  large  mains  supplying  the  city  of  Boston,  which,  if  not  raised, 
would  have  been  buried  20  ft.  below  the  surface  near  the  railroad,  the 
grade  running  down  and  meeting  the  old  grade  of  the  street  about  900 
ft.  from  the  bridge  in  either  direction.  Both  pipes  were  raised  in  sub- 
stantially the  same  manner,  so  that  a  description  of  the  method  of  rais- 
ing the  48-in.  pipe  in  Beacon  Street  will  suffice  for  both. 

The  bridge  was  first  built,  the  pipe  being  left  in  j>osition  and  the 
masonry  of  the  bridge  abutments  built  around  it.  Piles  were  then 
driven  at  intervals  of  6  ft.  on  each  side  of  the  pipe  for  the  entire  dis- 
tance to  be  raised.  Alternate  bents  of  the  piles  were  capped  6  ins. 
below  the  new  grade  of  the  street,  with  6  x  12-in.  double  girder  caps. 
The  intermediate  bents  of  piles  were  cut  off  about  12  ins.  below  the 
new  grade  at  the  bottom  of  the  pipe,  and  fitted  with  12  x  12-in.  caps, 
which,  however,  were  not  placed  in  position  until  after  the  pipe  had 
been  raised. 

The  earth  was  then  excavated  from  around  the  pipes,  which  were 
raised  by  means  of  screws  8  ft.  9  ins.  long  and  2.5  ins.  in  diameter, 
placed  12  ft.  apart.  These  screws  passed  between  the  6  x  12-in.  girder 
caps,  and  were  supported  by  a  cast-iron  plate  15  ins.  square,  which 
rested  on  the  caps.  The  distance  between  the  chains,  which  were 
placed  around  the  pipes,  to  the  bottom   of  the  screws,  was  made  up 
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Mr.  Braekett. 


CROSS  SECTION  SHOWING  METHOD  OF  RAISING  PIPE 

Fig.  1. 
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Mr.  Braokett  where  necessary  by  long  hooks  made  of  1  -in.   steel.     The  dimensions 

of  the  pile  bents  ami  lifting  screws   are  shown  in  Pig.  1. 

When  everything  was  in  readiness,  the  pipe  was  oat  at  the  bridge 
abutment,  and  the  entire  length  of  900  ft.  fco  the  foot  of  the  grade  was 
raised  in  about  four  hours.  The  12xl2-in.  caps  were  then  placed  in 
position  and  the  pipe  joints  redriven.  The  piles  which  had  been  used 
to  support  the  lifting  screws  were  girder-capped  under  the  pipe,  but 
the  wedges  between  the  caps  and  the  pipe  were  not  driven  until  the 
street  had  been  rilled  to  the  grade  at  the  bottom  of  the  pipe,  for  the 
reason  that  the  filling  was  done  from  cars  run  on  the  trestle,  and  the 
jar  caused  by  running  and  dumping  gravel  trains  would  have  been 
likely  to  cause  leaks  in  the  pipe.  But  one-half  of  the  1  800  ft.  could 
be  raised  at  a  time  on  account  of  the  number  of  lifting  screws  avail- 
able. These  screws  have  been  in  use  by  the  water  department  for 
many  years,  and  have  proved  of  great  value  on  many  occasions. 

In  1889  about  1  000  ft.  of  48-in.  pipe  was  lowered,  and  in  this  case 
a  much  simpler  and  cheaper  plan  could  be  adopted.  The  pipe  was 
lowered  a  maximum  distance  of  about  2  ft.  in  the  following  manner  : 
The  trench  was  first  excavated  to  the  depth  of  the  bottom  of  the  pipe. 
Cross  trenches  were  then  dug  every  12  ft.,  in  each  of  which  was  placed 
a  blocking,  the  top  of  which  was  at  the  new  grade  of  the  bottom  of  the 
pipe.  Laborers  were  then  placed  on  each  side  of  the  pipe,  and  the 
earth  gradually  removed  from  beneath  the  pipe,  thus  lowering  it  to  the 
required  grade.  The  time  occupied  in  lowering  1  000  ft.  of  pipe  and 
redriving  the  joints  was  but  about  eight  hours.  Although  the  gates 
on  the  line  were  closed,  the  water  was  not  drawn  from  the  pipe,  and  the 
writer  would  have  had  no  hesitation  in  maintaining  the  flow  through 
the  main  if  it  were  necessary.  In  this  case  no  screws  or  blocking  were 
used. 

On  another  occasion  a  40-in.  main  crossing  a  bridge  was  lowered 
while  in  use,  but  in  this  case  the  pipe  was  supported  and  lowered  by 
screws. 
Mr.  Moore.  E.  C.  Moore,  Jun.  Am.  Soc.  C.  E. — While  the  moving  of  large 
water  mains,  both  with  and  without  the  water  on,  and  sometimes  the 
pressure,  is  no  novelty,  yet  each  particular  case  presents  its  own 
problem,  and  it  is  quite  possible  that  the  most  careful  canvass  of  past 
methods  may  not  furnish  an  exact  parallel.  A  certain  amount  of 
originality  therefore  becomes  a  necessity. 

This  was  especially  the  case  with  the  work  described  by  the  author. 
In  the  first  place,  the  number  of  lineal  feet  of  pipe  to  be  moved  was 
comparatively  very  small.  The  cost  of  excavation  and  preparation  for 
moving  was  very  large,  due  to  the  fact  that  the  work  was  located  in 
one  of  the  busiest  points  along  Broadway.  The  matter  of  public  con- 
venience had  to  be  given  serious  consideration,  and,  therefore,  it  was 
necessary  that  the  swing  of  over  2  ft.  be  made  in  the  shortest  distance 
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in  which  it  could  be  safely  done.  After  careful  calculations,  it  was  Mr.  Moora. 
decided  that  eleven  joints  on  either  side  of  the  part  moved  would  famish 
the  necessary  deflection  without  dangerously  pulling  any  of  them. 
The  conclusion  proved  to  be  a  correct  one,  for  some  of  the  joints  were 
certainly  pulled  all  that  they  would  safely  stand,  and  yet  there  was 
no  accident  to  any  of  them. 

As  to  the  method  employed,  there  were  several  reasons  for  its 
adoption  In  the  first  place,  some  of  the  possible  consequences  of  a 
break  in  the  pipes  had  to  be  considered,  the  most  serious  of  which 
would  be  a  tire  in  the  downtown  district,  in  fact  almost  anywhere 
below  Fourteenth  Street,  in  the  proximity  of  Broadway,  in  which 
district  one  of  the  mains  moved  furnishes  almost,  if  not  quite,  the  sole 
supply.  It  would  have  been  hardly  possible  to  repair  any  break  and 
get  the  water  turned  on  in  less  than  four  hours,  even  if  everything  went 
smoothly  and  every  one  of  the  old  gates  worked  perfectly,  which  is 
hardly  probable.  Any  one  of  the  dozen  which  would  have  to  be  shut 
and  opened  again  failing  to  work  might  make  the  four  hours  twenty- 
four.  There  is  no  use  in  wasting  figures  on  the  possible  amount  of 
damage  a  conflagration  niight  do  in  the  meantime.  Going  from  the 
possible  to  the  certain,  a  break  of  any  appreciable  extent  would  have 
undermined  the  Broadway  cable  tracks,  flooded  all  the  adjacent  cellars 
and  blocked  all  traffic  in  Twenty-third  Street  and  Broadway.  Therefore 
it  was  considered  necessary  by  the  author  to  take  every  precaution  pos- 
sible and  spare  no  expense  which  might  add  an  extra  safeguard,  and 
it  is  with  all  these  facts  in  view  that  the  author  considers  the  success- 
ful carrying  out  of  this  work  worthy  of  record. 

In  the  discussion  there  seems  to  be  an  idea  prevalent  that  all  past 
attempts  of  this  kind  have  been  successful  and  therefore  the  actual 
danger  was  very  small,  but  such  is  not  the  case.  While  the  author  has 
not  looked  up  the  records  of  work  of  this  kind  he  knows  from  his  own 
experience  that  it  is  always  dangerous  to  attempt  to  do  anything  with 
old  pipes,  for  age  seems  to  make  them  very  hard  and  very  brittle.  In 
Lexington  Avenue  the  6-in.  water  pipe,  which  had  to  be  moved  all 
along  the  line,  frequently  broke  and  sometimes  would  not  admit  of  any 
movement  whatever.  Mr.  (>.  TV.  Birdsall  ha.l  the  same  experience  in 
moving  old  mains  in  the  city,  it  frequently  being  the  case  that  a  very 
small  movement  would  split  the  hubs.  Therefore  the  author  con- 
siders it  certainly  unsafe  to  attempt  the  moving  of  a  main  with  the 
pressure  on,  without  first  being  sure  that  the  pipe  is  in  a  condition  to 
stand  the  strain. 
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By  Geoege  Held,  Assoc.  M.  Am.  Soc.  C.  E. 
Read  December  4th,  1895. 


The  discussion  of  Mr.  Fr.  von  Em perger's  paper  on  "  The  Develop- 
ment and  Recent  Improvement  of  Concrete-Iron  Highway  Bridges  "  i 
brought  out  very  clearly  that  great  numbers  of  tests  of  the  materials 
entering  into  building  construction  have  been  made,  and  the  charac- 
teristics of  the  materials  very  accurately  determined;  yet  the  subject 
of  floors  had  received  relatively  but  little  attention,  and  that  not  of  a 
kind  to  indicate  with  any  certainty  how  strong  any  particular  form 
might  be,  what  the  principles  were  which  governed  the  construction 
of  a  floor,  or  how  the  materials  in  use  in  this  country  could  be  so 
shaped  as  to  develop  the  maximum  of  strength  with  a  minimum  of 

*  The  Discussion  and  Correspondence  on  this  paper  will  be  printed  in  a  subsequent 
number. 

t  See  the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XXXI,  p.  457. 
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material.  These  facts  were  already  known  to  the  author  from  investi- 
gations which  he  had  made  in  order  to  determine  with  some  degree  of 
accuracy  what  the  factor  of  safety  of  floors  was,  and  what  the  most 
advantageous  disposition  of  the  material  might  be,  taking  the  shapes 
which  were  on  the  market.  He  therefore  determined  that,  after  re- 
viewing the  subject  generally,  bringing  together  as  many  published 
tests  as  possible,  he  would  make  a  new  series  of  tests  from  the  engi- 
neer's point  of  view,  to  determine  something  positive  regarding  the 
subject.  He  had  in  mind  at  the  time  principally  those  forms  of  floor 
construction  which  furnished  a  flat  platform  to  work  on  above,  a  flat 
ceiling  below,  and  had  for  their  principal  constituent  clay  in  some  form 
or  other,  and  therefore  consulted  with  about  a  dozen  manufacturers 
of  fire -pro  of  floor  arches.  These  at  first  demurred  and  were  very  in- 
different, then  became  interested,  and  finally  all  promised  hearty  co- 
operation, and  that  they  would  build  nine  or  more  arches  according  to 
certain  rules  which  the  author  would  lay  down  and  under  the  super- 
vision of  his  assistants,  which  arches  should  be  tested  to  destruction, 
it  being  understood  that  their  only  expense  would  be  for  building  the 
arches  and  furnishing  men  to  handle  the  testing  machine  when  break- 
ing them.  Mr.  von  Emperger  also  desired  to  have  the  Iftelan  system 
represented  in  such  a  test,  and,  consequently,  instructions  were  pre- 
pared in  conjunction  with  him  for  the  building  of  a  series  of  Melan 
arches. 

After  settling  these  preliminaries  satisfactorily,  the  author  designed 
a  hydraulic  transverse  testing  machine,  which  was  built  for  him  by 
the  Watson  &  Stillman  Hydraulic  Works.  Considerable  time  elapsed 
while  these  matters  were  under  discussion  and  the  machine  being 
built.  When  the  machine  was  approaching  completion,  several  of  the 
manufacturers  who  had  promised  to  build  arches  found  that  their  in- 
terest had  diminished,  or  their  cash  was  threatened  by  the  prevailing 
"hard  times,"  or  something  else  had  happened,  to  such  an  extent 
that  they  neglected  to  build  the  arches  altogether.  The  Melan  system 
arches  were,  however,  built  during  October,  1894.  The Rarit an  Porous 
and  Hollow  Brick  Company  built  several  series  for  test  in  1895,  and 
quite  a  number  of  arches  were  furnished  by  the  Staten  Island  Porous 
Terra  Cotta  Lumber  Company  for  test  in  1894  and  1895,  and  it  is 
hoped  that  certain  other  manufacturers  will  build  arches  and  have 
them  tested  prior  to  the  discussion  of  the  paper,  at  which  time  data 
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will  be  given  concerning  any  additional  tests  which  may  have  been 

made. 

Testing  Machine. — A  very  thorough  study  of  the  tests  which  have 
been  made  heretofore  of  fire-proof  floors  shows  that  one  of  three 
forms  of  loading  has  been  generally  adopted:  1,  pig  iron;  2,  piles  of 
brick ;  3,  hydraulic  pressure  as  used  by  J.  B.  Johnson  and  Edward 
Flad,  Members  Am.  Soc.  C.  E.,  in  some  tests  which  they  made  in 
St.  Louis. 

In  the  comments  in  every  case  following  these  tests  where  brick 
or  pig  iron  was  used,  mention  was  made  of  the  difficulty  encountered 
in  handling  the  loads  where  the  arches  possessed  high  resistance.  In 
the  arrangement  used  by  Messrs.  Johnson  and  Flad,  it  is  self-evident 
that  unless  water  at  high  pressure  can  be  obtained,  the  apparatus  is  of 
limited  utility,  and  it  is  further  evident  that  it  would  be  applicable  to 
a  very  small  range  of  spans.  There  was  also  noted  in  all  cases  a  diffi- 
culty in  observing  satisfactorily  the  way  in  which  they  acted  imme- 
diately before  failure,  and  the  author  therefore  determined  to  design 
an  apparatus  that  would  be  of  general  use  for  testing  floors  in  build- 
ings over  any  of  the  usual  spans,  would  be  portable,  would  itself  write 
the  record  of  the  application  of  the  load,  and  would  apply  the  load  in 
such  a  way  as  to  make  it  feasible  to  examine  minutely  the  arch  under 
test. 

The  machine  was  designed  and  built  in  the  following  manner  (see 
Plate  VIII) :  A  15-in.  X  beam,  80  lbs.  per  foot,  7  ft.  9  ins.  long,  was  used 
as  the  principal  member.  It  was  supported  above  the  I  beams,  which 
form  the  skewbacks  of  the  arches  by  means  of  two  pairs  of  wrought- 
iron  clamps,  shown  at  a  in  Plate  VIII.  On  one  end  of  the  large  beam  a 
small  hydraulic  pump  b  was  placed,  and  connected  to  the  pump  by  a 
long  coil  of  copper  pipe  was  a  ram  c  for  putting  pressure  on  the  arch. 
The  pump  was  £  in.  in  diameter  of  piston  and  2f  ins.  stroke,  and  one 
man  could  get  a  pressure  of  1  500  lbs.  per  square  inch,  or  75  000  lbs.  on 
the  arch,  quite  easily.  It  was  one  of  the  standard  Watson  &  Stillman 
pumps  with  brass  valves,  and  never  gave  the  slightest  trouble.  Once 
in  the  middle  of  the  test  some  sticks  became  mingled  with  the  oil 
which  was  used  instead  of  water  in  order  to  prevent  freezing,  and 
one  of  these  small  sticks  lodged  under  the  valve;  the  valve  was  taken 
out,  cleaned  and  replaced  without  any  difficulty  whatever.  The  ram 
was  of  7-in.  stroke,  about  8  ins.  in  diameter  and  exactly  50  sq.  ins.  in 
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area,  and  had  the  bottom  crowned  about  §  in.  It  was  set  in  a  cast-iron 
body  and  was  packed  with  leather.  It  was  arranged  to  hang  on  the 
nnder  flange  of  the  15-in.  I  beam  by  means  of  a  couple  of  clamps, 
which  could  be  tightened  on  it,  and  could  be  slid  along  to  any  desired 
position  on  the  beam.  To  the  upper  part  of  the  chamber  of  the  plunger 
a  set  of  three  valves  was  connected,  to  which  three  Bristol  pressure-re- 
cording gauges  were  attached.  One  had  a  range  of  3  000  lbs.,  one  of 
1  500  lbs.,  and  one  of  100  lbs.  per  square  inch.  The  readings  were, 
therefore,  to  be  multiplied  by  the  area  of  the  jnston,  or  50,  to  get  the 
actual  pressure  exerted.  The  dials  were  rotated  by  clocks,  making  one 
revolution  per  hour,  and  so  both  the  amount  and  the  rate  of  the  applica- 
tion of  the  load  were  recorded  graphically.  Two  gauges  were  used  in 
conjunction  at  all  times,  thus  checking  one  another.  In  the  tests 
made  they  always  agreed  closely. 

In  plotting  the  tests,  the  curved  co-ordinates  were  made  rectilinear 
and  enlarged  about  30%,  so  as  to  facilitate  the  reading  of  the  results. 
The  clamps  were  first  made  of  good  wrought  iron,  bent  to  shape,  but 
under  a  pressure  of  50  000  lbs.  these  clamps  broke  at  a  £>oint  marked 
d  in  Plate  VJLUL,  the  metal  going  clean  off,  but  with  a  good  and  rather 
fibrous  fracture.  They  were  then  increased  to  3  x  \\  ins.,  and  under 
a  pressure  of  about  70  000  lbs.,  eccentrically  applied,  as  will  be  seen 
in  the  loading  of  Test  Xo.  87,  they  snapped  again.  They  were  finally 
made  jx6  ins.  at  the  clamp  and  J  x  3  ins.  higher  up,  and  these  have 
sustained  a  load  of  125  000  lbs.  without  signs  of  strain.  With  the 
exception  of  these  clanips.  the  machine  worked  so  adequately  that 
no  changes  of  any  kind  suggest  themselves  as  desirable.  For  hand- 
ling this  machine  either  a  stone- setter's  derrick  or  a  small  boom 
derrick  or  a  chain  block  carried  by  a  stand  similar  to  the  four-legged 
stand  used  by  the  weighers  in  the  street  and  mounted  on  small  wheels 
may  be  used,  and  a  small  screw  jack  is  needed  to  push  back  the 
plunger  after  it  has  been  extended  its  entire  length.  With  such  an 
arrangement  a  recorder  and  two  men  can  readily  break  a  series  of  twelve 
arches  in  a  day,  making  all  necessary  observations. 

Melon  System  Arches.— My.  Fr.  von  Emperger,  representing  the 
Melan  system  in  this  country,  had  a  series  of  arches  built  in  accord- 
ance with  the  system  in  the  author's  presence,  between  October  10th 
and  27th,  1894,  for  the  special  purpose  of  having  them  tested  to  de- 
struction and  their  strength  ascertained.     These  arches  were  built  of 
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Mannheim  Portland  cement,  a  rather  poor  building  band,  composed 
of  various  Bizea  of  stone,  from  fine  Band  np  to  round  gravel  stoni 
;  in.  diameter,  and  rather  dusty  broken  trap  rock,  of  a  Bize  thai  would 
go  throngh  a  ,-in.  ring  and  Bmaller.  The  arches  were  composed  of 
about  two-thirds  of  coarse  material,  made  by  mixing  one  pail  of  Port- 
land cement,  two  pails  of  sand  and  four  pails  of  stone  together,  and 
about  one-third  of  a  finer  material,  which  was  made  by  mixing  one 
pail  of  cement  with  two  pails  of  sand.  The  cement  was  of  such  a 
fineness  that  98.8X  passed  a  No.  50  sieve,  92.5%  a  No.  74  sieve,  88.9% 
a  No.  100  sieve,  and  G7. 1%  a  No.  200  sieve.  Two  briquettes  of  three 
parts  by  weight  of  sand  to  one  part  of  cement  had  a  strength  of  250 
and  256  lbs.  per  square  inch  when  28  days  old.  The  amount  of  sul- 
]3hate  of  lime  present  was  2.55  per  cent. 

The  arches  were  made  by  putting  in  between  12-in.  X  beam  skew- 
backs  three  curved,  ribs,  one  in  the  center  and  one  at  each  end,  of  either 
X  or  T  section.  These  were  struck  to  a  true  circle  of  about  8  ft. 
radius.  The  shapes  were  wedged  to  the  skewback  beams  by  means  of 
thin  steel  wedges  and  came  down  as  low  as  the  fillet  joining  the  web 
and  flange.  Below  the  beams  was  placed  a  board  center,  relatively 
tight,  made  of  stripping,  the  center  coming  close  against  the  bottom 
flange  of  the  beams.  Starting  at  one  skewback  a  certain  amount  of 
coarse  stuff  was  put  in  for  about  two-thirds  of  the  thickness  of  the 
arch,  and  then  fine  stuff  was  filled  in  to  the  level  of  the  to]D  flange  of 
the  small  curved  beams.  Then  a  rammer  was  applied  tangentially  to 
the  soffit  of  the  arch,  compressing  the  material  along  the  lines  of  the 
arch;  the  amount  of  compression  will  be  seen  from  the  tables  of  the 
tests,  where  the  number  of  cubic  feet  of  material  as  measured  by  the 
buckets,  each  ingredient  being  separately  measured,  is  given,  and  also 
the  cube  of  the  arch  after  being  rammed.  First,  one  side  was  built  up 
almost  to  the  center,  then  the  other  side ;  finally  the  key  was  filled  in,  and 
rammed  vertically.  After  the  arch  all  the  way  over  had  been  built,  the 
haunches  were  filled  in  on  the  lines  shown  in  Figs.  3  and.  4  with  coarse 
material,  and  then  a  little  fine  material  was  spread  over  the  top  in  order 
to  give  a  smooth  and  even  surface.  Considering  the  manner  in  which  the 
work  was  done  and  the  character  of  labor  employed,  the  author  thinks 
that  it  would  be  fair  to  assume  that  this  was  done  with  about  the  same 
care  that  would  be  employed  in  a  building  where  reasonable  supervision 
was  exercised  on  the  part  of  the  contractor.     The  men  who  were  em- 
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ployed  bo  do  the  work  weir  not  in  any  sen m-  expertf-,  and  therefore 
could  not  be  expected  to  gel  the  very  beat  results  from  the  material. 

All  of  the  arches  were  completed  by  October  27th,  and  were  then  per- 
mitted to  set  during  a  rather  severe  winter  until  January  25th,  1895, 
when  the  general  testing  began.  During  the  time  immediately  after 
the  arches  were  built,  there  was  no  frost  to  injure  them,  the  minimum 
temperatures  as  reported  by  the  Weather  Bureau  in  New  York  being 
32°  Pahr.  on  November  7th,  9th,  11th  and  15th,  and  28°  Fahr.  on 
November  12th. 

Test  No.  16. — This  was  of  a  steel  T  section  of  ordinary  commer- 
cial make,  and  presumably  of  16  000  lbs.  safe  working  strain,  32  000 
lbs.  elastic  limit,  and  was  intended  to  ascertain  the  strength  of  the 
section  alone.  Upon  the  application  of  the  load,  the  crown  flattened 
out  to  the  position  shown  in  Fig.  1,  and  then  sagged  off  to  one  side, 
continued  pumping  resulting  only  in  increasing  the  horizontal  deflec- 
tion and  decreasing  the  pressure.  Fig.  17  gives  the  curve  of  loading 
during  this  test,  the  maximum  load  being  14  000  lbs.  Deflection  began 
at  9  500  lbs. 

Test  No.  77. — This  was  of  a  steel  X  beam  of  the  size  shown,  and  for 
the  same  purpose  as  Test  No.  76.  Under  test,  the  beam  first  flattened 
at  the  crown;  then  twisted  to  right  and  left  so  that  in  plan  it  formed  an 
elongated  letter  8,  as  shown  in  Fig.  2,  and  then  the  top  and  bottom 
flanges  wrinkled  or  buckled  under  the  pressure,  the  bottom  flange 
buckling  the  more.  This  indicated  that  the  entire  section  was  under 
compression,  except  perhaps  a  small  section  of  the  top  flange  near  the 
crown.  Fig.  18  gives  the  curve  of  loading  during  this  test.  The 
maximum  load  was  14  000  lbs. 

Test  No.  78. — This  was  of  an  arch  eight  days  old,  built  as  shown  in 
Fig.  3,  which  was  leveled  up  with  cinders  in  the  usual  manner,  but 
without  any  concrete  or  grout  poured  in.  It  was  then  stripped  with 
li  x  2-r-in.  strips  placed  parallel  with  the  skewback  beam  and  set 
about  16  ins.  on  centers,  and  then  planked  with  1^-in.  plank  so  put  on 
that  the  plank  bore  directly  on  the  cinders.  The  arch  was  uniformly 
loaded  with  flagstones;  each  stone  was  measured  and  its  weight  deter- 
mined by  allowing  160  lbs.  per  cubic  foot  or  0.092  lb.  per  cubic 
inch.  The  purpose  of  this  test  was  to  determine  how  quickly  the 
material  could  be  used  with  safety  as  a  working  floor;  no  deflection, 
cracking  or  change  of  anv  kind  in  the  material  was  observed.     Table 
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No.  1  gives  the  weights  per  square  foot,  etc.,  while  the  composition  of 
the  arch  in  detail  was  as  follows . 

Detailed  Composition  of  Abch  of  Test  No.   78. 


Arch. 

Cubic  feet,  i  Cubic  feet. 
Coarse.             Fine. 

Compacts. 

Cubic  feet. 
Coarse. 

Cubic  feet. 
Fine. 

Compacts. 

A  a 

0.908 
1.36-2 
0.908 
1.362 
1.362 

0.908 
0.908 
0.681 
0.908 
0.795 

0.833 
0.833 
0.833 
0.791 
0.791 

0.908 
1.135 
1.815 
9.760 

0.681 
1.362 

6.243 

1.675 

Key. 

Leveling. 
Total. 

4  b 

0.454 
0.908 
0.908 
1.815 
1.135 

0.908 
0.908 
1.135 
0  908 
0.908 

1.000 
0.833 
0.666 
0.833 
0.917 

0.908 
0.908 
1.815 
1.815 
10.666 

0.908 
0.908 
0.908 

7.491 

0.75 

Key. 

Leveling. 

Total. 

Total  contents  of  arch,  15.26  cu.  ft. 


General  Composition  of  Akch  4  a  and  4  b. 


Coarse. 

Fine. 

Coarse. 

Fine. 

6.8 
13.6 

6.8 

3.4 
1.36 

1.135 

Cement. 

Stone 

Water. 

Test  No.  79.  — This  was  made  of  the  same  arch  immediately  after 
Test  No.  78.  The  load  of  flagstones  was  practically  concentrated  over  a 
length  of  26  ins.  of  one  of  the  2^ -in.  strips  ;  no  deflection,  cracking  or 
change  of  any  kind  was  observed.  The  center  of  application  of  the 
load  was  at  the  crown  of  the  arch  midway  between  the  center  and  one 
of  the  side  4-in.  beams. 

Test  No.  80. — This  was  of  the  same  arch  when  fonr  days  older. 
Additional  loading  was  pnt  on  so  that  the  transverse  strip  at  the  crown 
carried  7  625  lbs.  for  40  ins.  of  its  length,  and  5  320  lbs.  for  26  ins. 
There  was  no  appreciable  deflection,  sign  of  crack,  or  other  disturbance 
noticed  in  the  arch. 

Test  No.  81. — This  was  of  a  Melan  arch  built  with  J  irons,  as  shown 
in  Fig.  4  ;  the  pressure  was  continuously  applied  up  to  about  27  500 
lbs.,  at  which  point  the  concrete  separated  from  the  inside  flange  of 
the  outside  T.  In  the  underside  of  the  arch  hair  cracks  appeared, 
but  there  was  no  separation  along  the  web  of  the  middle  T .     During 
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the  time  of  observation,  pumping  was  diseontinned,  and  the  pressure 
dropped  to  22  500  ll>s.  Then  it  was  applied  again,  when  the  hair  cracks 
on  the  top  of  the  crown  opened  -fa  in.  at  80  000  lbs.  At  82  000  lbs.  the 
outside  T  went  out  -j±r  in.,  and  the  top  surface  of  the  concrete  began  to 
spall.  At  35  000  lbs.  the  cracking  on  the  haunches  began.  During 
the  progress  of  this  test,  one  of  the  2$  x  3-in.  tie  rods  pulled  out  on  the 
horizontal  section  just  below  the  bend.  The  broken  end  shows  rather 
a  poor  character  of  metal  failing  under  direct  tension.  The  curve  of 
loading  is  showrn  in  Fig.  19.  The  dotted  line  in  this  figure  is  the 
curve  of  deflection.     The  composition  of  the  arch  was  as  follows  : 

General.  Composition  of  Arch  of  Test  No.  81. 


Coarse. 

Fine. 

Coarse. 

Fine. 

4.075 
8.150 

4.075 

2.04 
1.36 

2.04 
1.02 

Cement. 

Stone 

Water. 

Test  No.  82.  — This  arch  was  built  with  4-in.  X  beams.  The  load  was 
applied  at  the  crown  over  an  area  of  about  1  sq.  ft.,  and  midway  between 
the  center  and  an  outside  beam.  The  outside  I  beam  was  wedged  in 
place  laterally  against  the  upper  angle  iron  used  to  hold  the  I  beam 
skewbacks  in  place,  and  therefore  met  the  conditions  usually  occurring 
in  a  floor  where  there  would  be  support  on  all  sides  of  the  points  of 
additional  loading.  The  load  was  continuously  applied  for  five  minutes 
until  it  reached  35  000  lbs.,  atwrhich  point  there  was  a  separation  from 
the  wTeb  of  the  outside  beam.  At  47  500  lbs.,  it  cracked  along  under 
the  beams  and  cracked  also  on  top  at  the  center.  At  52  500  lbs.  a  second 
crack  appeared  in  the  center,  and  at  55  000  lbs.  after  10.5  minutes  the 
machine  clamp  broke.  The  section  of  the  clamp  at  the  point  of  fract- 
ure was  3x|  ins.,  and  the  failure  occurred  at  the  point  where  it 
was  bent  to  clasp  the  skew-back  beam.  The  cracks  closed,  leaving 
a  permanent  deflection  of  0.22  in.  In  this  test,  the  tie  rods  were 
moved  together  immediately  under  the  portion  of  the  arch  attacked,  so 
as  to  have  as  much  strength  there  as  possible.  The  failure  of  the  arch 
had  occurred,  but  its  strength  was  still  very  great.  The  construction 
of  this  arch  is  shown  in  Fig.  3,  and  its  composition  in  detail  is  given 
in  the  following  table  : 


HILL   ON    FIRE  PROOF   FLOORING    MATERIAL. 
Detailed  Composition  of  Abch  of  Test  No.  .82. 
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Arch. 

Coarse. 

Fine. 

Compacts. 

Arch. 

Coarse. 

Fine. 

Compacts. 

a 

0.908 

0.908 

26.... 

1.360 

0.908 

0.940 

1.135 

0.908 

1.580 

0.908 

0.908 

1.790 

0.908 

1.135 

2.460 

0.908 

0.908 

2.450 

1.360 

0.568 

0.812 

1.360 

0.568 

0.796 

1.360 

0.794 

1.540 

0.908 

0.798 

1.560 

0.908 

0.680 

1.690 

0.908 

0.908 

2.330 

1.135 

1.360 



0.908 

1.360 

Against      skewback 
and  for  leveling. 

1.820 

2.100 

Total  contents  of  arch,  15.26  cu.  ft. 

General  Composition  of  Aech  2  a  and  2  b. 


Coarse. 

Fine. 

Coars-e. 

Fine. 

27.90 
55.75 

29.8 

13.950 
5.575 

14.89 
5.20 

Cement. 

Water. 

Test  No.  83. — This  was  practically  a  continuation  of  Test  No.  82, 
new  machine  clamps  being  put  in  position  and  the  same  blocks  used 
at  the  same  position  on  the  arch  for  the  application  of  the  load.  The 
arch  was  continuously  loaded  up  to  52  000  lbs. ,  requiring  13  minutes  ; 
then  pumping  was  discontinued,  and  observations  made,  during  which 
time  the  pressure  dropped.  Then  the  loading  was  continued  up  to 
58  750  lbs. ,  at  which  point  failure  was  deemed  to  have  occurred,  the 
duration  of  the  test  being  17.5  minutes  ;  the  arch  was  still,  however,  so 
strong  that  after  the  removal  of  the  outside  curved  I  beam,  it  was  diffi- 
cult work  to  break  it  down  with  a  sledge  so  as  to  make  it  fall  in,  and  it 
would  no  doubt  still  have  carried  a  considerable  load.  At  the  time  of 
the  failure,  there  were  cracks  radiating  from  each  corner  of  the  block 
used  for  imposing  the  load  to  the  point  of  intersection  of  the  enclosing 
X  beams  with  the  skewback  beams,  showing  that  the  whole  material 
had  been  crushed  down. 

Test  No.  84. — The  load  was  continuously  applied  over  the  crown  of 
the  center  4-in.  I  beam  up  to  42  500  lbs. ,  when  the  loading  was 
suspended  for  a  few  moments,  until  a  new  position  of  the  deflection 
stake  was  obtained,  and  then  applied  a  second  time.  At  55  000  lbs. , 
the  maximum  load,  the  beams  separated  from  the  concrete,  and  the 
concrete  cracked.     Continued  pumping  resulted  in  no  increase  of  the 
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pressure,  bnt  in  an  increased  deflection  and  an  opening  of  the  cracks, 
until  the  deflection  bar  caught.  Fig.  20  shows  the  curve  of  loading. 
The  solid  line  is  the  curve  of  loads,  and  the  dotted  line  is  the  curve  of 
deflection,  the  total  deflection  being  0.585  in.  One  of  the  tie  rod-  was 
a  little  slack  at  all  times.  The  composition  of  the  arch  is  given  in  the 
following  table  : 

Detailed  Composition  of  Arch  of  Test  No.  84. 


Arch. 


1  a. 


Coaix-. 

Fine. 

'  0.5)08 

0.454 

0.908 

0.908 

1 .  132 

1.022 

0.908 

0.680 

1.360 

0.680 

1.132 

0.908 

0.908 

0.908 

Compacts. 

Arch. 

Coarse. 

Fine. 

1.000 

1  b  .   

1.816 

0.908 

0.791 

0.908 

0.680 

1.178 

0.908 

1.022 

1.000 

1.816 

0.908 

0.875 

1.360 

0.908 

1.042 

0.908 

0.908 

Key. 

0.908 

0.908 

CoiupactB. 


1  084 
0  938 
1.000 
0.%0 
0.916 
1.178 
Key. 


Total  contents  of  arrh,  15.26  cii.  It. 

General  Composition  of  Arch  1  a  and  1  b. 


Coarse. 

Fine. 

Coarse. 

Fine. 

Sand 

8.16 
16.33 

4.08 

4.08 
2.49 

4.42 
1.815 

Cement. 

Stone 

Water. 

Test  No.  85. — This  was  of  the  same  arch,  one-half  of  which  was 
the  subject  of  Tests  Nos.  82  and  83.  Both  the  X  beams  were  removed, 
so  as  to  leave  a  concrete  rib  3  ft.  wide  ;  the  tie  rods  were  shifted  across 
underneath  the  arch,  so  as  to  afford  as  good  a  support  as  practicable. 
The  loading  was  placed  eccentrically,  23  ins.  from  one  skewback  beam 
and  halfway  between  the  faces  of  the  concrete  rib;  at  27  500  lbs.  the 
north  hannch,  which  was  the  one  nearest  the  point  of  application  of  the 
load,  cracked.  At  31  250  lbs.,  reached  in  4.3  minutes,  spalling  on  the 
top  began,  the  cracks  continued  to  open,  and  increased  pumping  re- 
sulted in  a  decrease  in  the  pressure. 

Test  No.  86. — This  was  a  test  of  a  combined  concrete-iron  lintel 
of  the  cross-section  shown  in  Fig.  5.  The  load  was  steadily  apjzdied  ; 
at  13  250  lbs.  cracking  began  in  the  middle  ;  at  25  000  lbs.  it  spalled 
above  the  angle  on  one  side  near  the  center,  and  a  well  defined 
crack  appeared  on  top.  the  cement  sliding  out  at  the  ends  past  the 
angles  ;  at  32  500  lbs.  the  bolts  which  ran  from  angle  to  angle,  and  were 
imbedded  in  the  concrete,  were  sheared  off  between  the  concrete  and 
the  angles,  and  the  material  spalled  along  the  angles  on  both  sides. 
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Test  No.  87. — This  was  of  a  4-in.  X  beam  and  concrete  arch  like 
that  shown  in  Fig.  3,  the  load  being  applied  eccentrically  1  ft.  7. 5  ins. 
from  one  skewback,  over  the  central  arch  beam.  The  arch  was  boarded 
over,  and  the  space  over  the  haunches  filled  with  a  leveling  of  cinders. 
The  pressure  was  applied  continuously  until  30  000  lbs.  was  reached, 
at  which  point  a  stick  lodged  in  the  valve  from  the  oil  that  was  being 
used.  Then  the  pressure  was  permitted  to  drop  to  zero,  the  valve 
cleaned,  and  the  pressure  reapplied  continuously  for  13.7  minutes  up 
to  70  000 lbs.,  at  which  point  the  clamps  at  the  north  end  broke  at  the 
bottom,  tearing  clean  off.  These  clamps  were  3x  Ik  ins.  at  the  point  of 
fracture,  and  broke  where  the  clamp  was  bent  to  encircle  the  flange  of 
the  skewback  beam. 

Observations  Concerning  the  Melon  Arch  Tests. — In  the  last  columns 
of  Table  No.  1,  certain  deductions  are  drawn  which  are  offered  as 
indicating  one  way  of  interpreting  results  that  can  with  propriety 
probably  be  interpreted  in  several  different  ways.  The  results  of  the 
column  headed  "per  square  inch  of  steel"  are  taken  simply  from 
deduced  results  in  the  case  of  the  Tests  Nos.  76  and  77,  according  as 
one  or  more  of  the  sections  are  subjected  directly  to  compression.  It 
is  probable  that  the  concrete  on  the  two  sides  considerably  increases 
the  strength  of  the  material  by  preventing  it  from  buckling  as  it  did 
when  loaded  alone.  It  is  also  probable  that  the  strength  of  the  con- 
crete is  in  a  measure  increased  by  the  X  beams;  although  the  figures 
given  are  not  very  conclusive,  since  in  the  only  case  where  the  concrete 
was  attacked  alone  it  was  attacked  by  an  eccentric  load,  bringing  into 
account  its  tensile  strength,  while  in  all  of  the  other  cases,  save  one,  it 
was  permitted  to  act  almost  exclusively  in  compression. 

Tile  A  rch  Tests. — These  were  tests  of  a  series  of  arches,  some  of  which 
were  built  at  the  works  of  the  Staten  Island  Terra  Cotta  Lumber  Com- 
pany, but  the  majority  by  the  Earitan  Hollow  and  Porous  Brick  Com- 
pany, at  various  times  during  the  winter  of  1894-95  and  the  summer 
of  1895. 

Test  No.  88. — This  was  made  on  a  hollow  tile  end-construction  arch 
7i  ins.  deep  and  of  an  effective  depth  of  about  6  ins.,  made  of  hard  tile 
and  laid  up  without  any  mortar,  one  block  wide.  This  arch  is  shown 
in  Fig.  6.  The  clay  blocks  were  fitted  in  place  over  a  temporary  cen- 
ter and  then  the  key  block  put  in  and  wedged  as  well  as  it  could  be, 
but  owing  to  irregularities  of  the  material  this  could  not  be  very  satis- 
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raotorilj  accomplished.  The  pressure  w;is  continuously  applied,  and 
at  6  000  Lbs.,  the  key  at  the  upper  portion  split  in  a  plan.'  parallel 
with  the  tie  rod.     At  6  250  lbs.  the  skewback  on  the  right-hand  side 

oraoked,  and  a  spall  flew  off  the  middle  voussoir  on  the  right-hand  side 
of  the  key.  At  9  000  lbs.  the  arch  failed  along  the  wavy  lines  shown. 
The  application  of  the  load  was  by  means  of  planking  leveled  up  with 
sawdust  over  the  top  of  the  arch,  so  as  to  effect  a  practically  uniform 
distribution  of  the  loading. 

Test  No.  89. — This  was  of  a  side-construction  or  old  style  arch  laid 
up  dry  like  No.  88,  and  of  hard  tile.  Its  construction  is  shown  in 
Pig.  7.  The  pressure  was  applied  as  shown,  there  being  a  slight  level- 
ing of  sawdust  under  the  planking.  There  was  no  perceptible  effect 
until  the  load  reached  the  maximum  of  2  500  lbs.,  when  the  arch  sud- 
denly collapsed  by  shearing  off  the  voussoir  next  the  skewback  at  the 
point  shown.  The  arch  was  composed  of  one  course  of  voussoirs  laid 
up  dry;  the  load  was  practically  uniformly  distributed. 

Test  No.  90. — This  was  similar  in  all  respects  to  No.  89,  except  that 
in  this  case,  not  only  the  voussoir  next  the  skewback,  but  the  skewback 
itself,  failed  by  shearing. 

Test  No.  91. — This  was  of  a  hard  tile  end-construction  arch  which 
had  been  built  for  some  time,  and  had  for  several  months  carried  a 
pile  of  brick  weighing  12  000  lbs.  uniformly  distributed  over  it.  A 
little  sand  was  sprinkled  over  the  top,  and  the  load  was  applied  over 
an  area  of  9  x  48  ins.,  or  3  sq.  ft.,  in  the  center.  The  point  of  applica- 
tion of  the  load  was  over  one  of  the  central  longitudinal  divisions,  and 
as  each  one  of  the  blocks  composing  the  arch  was  about  1  sq.  ft.  in 
area,  two  rows  of  blocks  received  the  loading.  As  the  load  was  applied 
the  arch  continually  deflected  until  the  maximum  of  13  750  lbs.  was 
reached,  after  which  continued  pumping  resulted  in  a  decrease  in  the 
amount  of  the  load.  The  cracking  of  the  various  courses  is  shown  in 
Fig.  8,  which  does  not,  however,  show  how  markedly  the  top  horizontal 
section  of  the  arches  was  sheared  off,  showing  that  it  acted  truly  in 
compression.  There  was  a  certain  amount  of  elongation  of  the  tie  rods, 
but  they  remained  intact.  This  arch  had  an  effective  depth  of  4  ins. ; 
the  balance  being  below  the  skewback  and  acting  simply  as  fire-proof- 
ing for  the  upper  section.  In  a  plane  perpendicular  to  the  line  of 
pressure,  the  section  through  the  arch  would  show  a  top  horizontal  and 
a  bottom  horizontal  member,  a  middle  horizontal  member,  and  in  each 
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block  tli iic  or  four  vertical  members.  The  arch  was  laid  up  m  h  mixt- 
ure of  one  pari  Portland  cement  and  two  pails  sand,  and  over  the  top  of 
it  was  a  Leveling  of  the  same  mortar  about  £  in.  thick;  when  taken  off, 
chips  of  the  blocks  adhered  to  this,  showing  that  the  tile  section  was 
reinforced  by  about  this  same  amount.     Fig.  21  shows  the  load  curve. 

Test  No.  92. — This  was  of  an  end-construction  arch,  nominally  i) 
ins.  deep,  and  of  5  ft.  5  ins.  span,  4  ft.  2  ins.  wide,  with  an  effective 
depth  of  about  7 J  ins.  The  tie  rod  was  so  placed  as  to  be  2  J  ins. 
above  the  bottom,  thus  reducing  the  distance  from  the  center  of  the 
tie  rod  to  the  top  of  the  arch  to  6  ins.  The  section  of  the  voussoirs, 
which  were  of  hard  tile,  is  shown  in  Fig.  9.  Blocking  was  so  placed 
over  the  arch  as  to  distribute  the  load  uniformly  over  it,  and  then  the 
pressure  was  gradually  applied  until  the  machine  clamp  broke  at 
57  500  lbs.  At  40  000  lbs.  a  slight  crack  appeared  in  the  bottom  of 
one  of  the  skewbacks  running  out  horizontally  from  the  bottom.  At 
40  500  lbs.  the  bottom  of  the  joint  of  the  key  block  on  the  left-hand 
side  opened  £  in.,  and  on  the  right-hand  side  it  opened  -n$  in.  At 
42  500  lbs.  the  top  began  to  spall  a  very  little  at  the  center.  After 
the  clamp  broke  the  cracks  on  the  arch  all  closed,  and  the  only  evi- 
dence that  it  had  been  subjected  to  load  was  a  spall  the  size  of  a 
thumb-nail  at  the  top  corner  of  one  of  the  blocks,  and  a  small  crack 
at  the  skew  in  one  of  the  others.  This  arch  was  laid  in  Portland  cement 
mortar,  and  had  set  24  hours  when  tested,  but  the  temperature  had 
been  so  low  that  the  mortar  had  frozen. 

Tests  of  Arches  Built  for  the  Purpose. — Table  No.  2  gives  the  weight 
and  composition  of  these  arches.  They  were  laid  up  in  a  strong  Port- 
land cement  and  had  about  three  months  in  which  to  set. 

TABLE  No.  2. — Special  Arches  for  Testing. 


Test  Number. 


Depth  of  block,  inches 

Weight  of  block  alone,  per  square 

foot,  pounds 

Weight  of  arch,  per  square  foot, 

pounds 

Weight  of  blocks,  total,  pounds.. 

Weight  of  sand,  pounds 

Weight  of  cement,  pounds 

Weight  of  water,  pounds  

Total  weight,  pounds 

Total    weight,   less    half    water, 

pounds 


93 


31.3 

42.6 
469.25 

86 

68 

32 
655.25 


94 


32.1 

42.3 
481.5 

78 

60 

30 
649.5 


95 


36.1 


47. 

531, 
83 
66 
32 

712, 


96 


32.5 

44 
493.25 

88 

70 

34 
685.25 


639.25  634.5    696.5    668.25 


97 


10 
41.6 

57.5 
624 
116 

97 

49 
886 

861.5 


98 


10 
40.3 

53.8 
620.75 
102 

84 

42 
848.75 


99 


12 
45.0 

57.4 
769.5 
110 

82 

44 
1  005.5 


827.751  983.5 


100 


8 
34.8 

47.0 
550 

96 

77 

38 
761 

742 


101 


8 
32.6 

42.7 
514 

82 

63 

32 
691 

675 


HILL   ON"    FIRE-PROOF    FLOORING    MATERIAL. 


559 


LLILILL 
LLLLIU 

LLlLlUj 

_LLLLU_ 
",tctiztn: 
_U_OLL 

LLLL.IL1 

IlOI 
ll.il.  ill 


I  z 

U  o 

■fil 

sj  r- 

I  O 

UJ 

jco 

'10 


560  BILL  OH    FIRE-PROOF    FLOORING    MATERIAL 

Test  Nn.  93.  — This  was  a  hard  tile  side-construction  arch  with  8-in. 
blocks,  tlic  effective  height  of  the  arch  being  7  ins.     It  waa   laid  in 

Tort  land  cement  with  8  leveling  of  alxmt  ,',.,  in.  of  cement  on  top;  tin- 
load  was  applied  near  the  center  on  an  area  of  10  x  12  ins.  (see  Pig. 
10).  The  tying  was  done  by  booh  rods  placed  as  shown.  At  5  250  ll>s. 
the  first  crack  appeared,  and  the  key  opened  about  -n,  in.,  at  8  750  lbs. 
the  crack  opened  wider,  and  cracks  appeared  at  the  left  skewback, 
opening  wide;  at  10  000  lbs.  the  arch  collapsed,  and  cracks  appeared  at 
the  left  skewback;  there  was  a  crushing  in  of  the  voussoir  along  its 
entire  length  under  the  right-hand  edge  of  the  block  on  which  the 
load  was  applied. 

Test  No.  94. — This  was  of  a  side-construction  hard  tile  arch,  shown 
in  Fig.  11.  The  loaded  area  was  7£  x  41  ins.  The  load  was  contin- 
uously applied;  at  5  000  lbs.  there  was  a  slight  opening  of  the  skew- 
back;  at  5  700  lbs.  there  was  a  failure  of  the  east  skewback  by  shear- 
ing.    Fig.  1,  Plate  IX,  shows  the  nature  of  the  failure. 

Test  No.  95. — This  was  of  an  arch  of  hard  tile  end  construction, 
with  porous  terra  cotta  solid  skewbacks;  the  effective  height  of  the 
arch  was  5 1  ins.,  although  the  blocks  were  nominally  8  ins.  There 
was  -!£b  in.  finish  of  mortar  on  the  top,  and  the  load  was  applied  on  an 
area  of  10  x  13  ins. ,  as  shown  in  Fig.  12.  At  5  000  lbs.  there  was  a 
slight  hair  crack  at  the  junction  of  the  skewback  block  with  the 
skewback  X  beam,  and  a  slight  crack  at  the  right-hand  side  and 
bottom  of  the  key  block.  There  also  appeared  a  slight  hair 
crack  in  the  mortar  cover  of  the  top  of  the  arch.  At  6  250  lbs. 
the  crack  on  the  right-hand  side  of  the  bottom  key  opened  -3A,-  in. , 
and  the  top  surfacing  began  to  crack.  At  7  500  lbs.  it  cracked  in  the 
middle  and  rose,  and  the  crack  in  the  key  opened  •§■  in.  At  8  750  lbs. 
the  top  cover  bulged  further,  and  the  arch  opened  |-  in.  at  the  bottom 
of  the  key.  At  10  000  lbs.  the  top  surfacing  had  bulged  1  in.,  and 
the  plaster  began  dropping  out  (see  Fig.  3,  Plate  IX).  At  the  left- 
hand  end  of  the  arch,  the  joint  between  the  skewback  block  and  the 
end  construction  block  opened,  and  at  11  250  lbs.,  the  maximum 
load,  the  arch  practically  failed,  the  top  cover  bulging  and  cracks 
radiating  out  in  it  from  each  corner  of  the  block  on  which  the  pressure 
was  applied,  at  an  angle  of  about  45°  with  lines  drawn  perpendicular 
and  parallel  to  the  skewback  beams.  The  pumping  was  renewed,  when 
the  bottom  of  the  skew  dropped  off  at  the  left-hand  end,  being  sheared 
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through.  Then  the  two  east  skews,  or  the  parts  of  the  skews  which 
protected  the  bottom  flange  of  the  I,  dropped  off,  and  a  spall  ap- 
peared in  the  bottom  of  the  first  voussoir  away  from  the  skew,  at  the 
left-hand  end.  At  the  right-hand  end  the  flange  protection  dropped 
off",  and  cracks  appeared  running  to  the  right  and  left  from  the  upper 
half  of  the  lower  hole  in  the  skewback  block.  Fig.  22  shows  tha 
curve  of  loads  for  this  test  and  for  No.  96. 

Test  No.  96.—  This  was  of  an  end -construction  arch  similar  to  Test 
No.  95,  and  shown  in  Fig.  12.  At  5  000  lbs.  cracks  appeared  at  the  bot- 
tom on  the  right-hand  side  of  the  key.  At  10  000  lbs.  these  cracks  opened 
■§■  in. ;  the  top  surface  bulged  up.  At  12  500  lbs.  the  cracks  at  the  bottom 
of  the  key  opened  £  in. ;  cracks  appeared  between  the  skewback  block 
and  the  skewback  beam  along  the  left-hand  end,  and  a  crack  also  ap- 
peared along  the  left-hand  end  in  the  skew 
and  the  first  voussoir  just  above  the  bottom 
fillet  of  the  web  of  the  skewback  beam,  as 
shown  in  Fig.  2,  Plate  IX.  This  skew  then 
crushed  off  over  the  whole  bottom,  and  the 
facing  plaster  dropped  off  from  the  top.  The 
F16-  u-  maximum  load  was  13  000  lbs.     The  key  was 

cracked  along  the  top  cover  plate,  and  the  skew  was  a  splintered  mass. 
Test  No.  97. — This  was  of  a  side-construction  arch  of  the  section 
shown  in  Fig.  13,  with  the  load  applied  over  an  area  of  41  x  17$  ins.  The 
effective  depth  of  the  arch  was  1\  ins.,  and  there  was  a  leveling  of  mor- 
tar on  the  top.  The  key  course  was  quite  high  in  the  center  so  that  the 
load  was  applied  almost  directly  on  it.  The  course  next  west  of  it  was 
also  a  little  high.  At  5  000  lbs.  a  crack  opened  at  the  bottom  of 
the  key  on  the  left-hand  side  about  Yt in-  ^  10  000  lbs.  failure  oc- 
curred at  the  top  of  the  voussoir,  the  third  one  from  the  left-hand 
skewback,  or  the  second  one  from  the  key.  All  through  that  course 
there  was  a  crushing  of  the  top  web.  The  flange  protection  of  the 
skewback  also  sheared  off. 

Test  No.  98. — This  was  of  a  side-construction  arch  with  a  similar 
loading,  namely  17$  x  41  ins.  The  skewback  of  this  arch  is  shown  in 
Fig.  14;  the  remaining  details  are  indicated  in  Fig.  13.  At  5  000  lbs. 
a  crack  appeared  on  the  left-hand  side  of  the  key  at  the  bottom,  and 
at  12  500  lbs.  the  top  cover  began  to  break  up,  while  failure  occurred 
at  14  500  lbs.,  the  web  along  the  voussoirs  next  to  the  skewbacks  at 
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the  Left-hand  end  shearing  al]  across  and  directly  down.     The  effective 
rise  of  t  Ins  arch  was  8  ins. 

Test  No.  99. — This  was  of  an  end-oonstraction  arch  nominally  VI  ins. 
deep,  having  an  effective  rise  of  10  ins.,  and  with  a  side-construction 
skiw  back  of  hard  tile,  shown  in  Fig.  15.  At  3  750  lbs.,  reached  in  one 
minute,  a  hair  crack  appeared  on  the  right-hand  side  of  the  key,  and 
showed  through  to  the  other  face.  At  7  500  lbs.,  reached  in  2.5  min- 
utes, the  skewback  began  to  show  failure  at  both  sides.  At  10  000 
lbs.  no  change  took  place.  At  11  250  lbs.,  reached  in  4  minutes,  the 
arch  again  began  to  fail  at  the  skew  backs,  and  the  crack  next  to  the  key 
at  the  bottom  opened  -fa  in.  At  15  000  lbs.,  reached  in  13.2  minutes, 
the  cracks  showed  all  along  the  skewback  joints  on  both  sides.  At 
16  400  lbs.,  reached  in  14.3  minutes,  the  arch  failed,  the  top  surface 
cracking,  a  slight  crack  appearing  in  the  top  cover  of  the  key,  and 
the  skews  cracking  off  just  below  the  diagonally  inclined  piece  on  both 
sides,  the  bottom  cover  piece  falling  off  (see  Fig.  4,  Plate  IX). 

Test  No.  100. — This  was  of  an  end-construction  arch,  similar  to  that 
shown  in  Fig.  12,  except  the  skewbacks,  which  are  shown  in  Fig.  16, 
and  were  of  the  porous  terra  cotta  solid  type;  the 
effective  rise  was  7  ins. ,  and  there  was  a  slight  finish 
of  mortar  on  top.     The  load  was  applied  on  an  area  i 

of  10  x  13  ins.     At  2  500  lbs.,  after  1  minute  loading,  7    Q 

a  hair  crack  appeared  on  the  right-hand  side  of  the  ■-  (j 

bottom  key.     At  5  000  lbs.,  after  1.5  minutes,  a  crack  =  ==jf^ 


appeared  on  the  east  skewback  by  the  block  moving  fig.  16. 

away  from  its  beam;  at  6  500  lbs.,  after  2  minutes,  the  crack  at  the 
bottom  of  the  key  widened  to-rg-in. ;  at  7  250  lbs.,  after  2.3  minutes, 
the  left-hand  skewback  cracked  on  the  top  away  from  the  first  vous- 
soir  ;  at  8  000  lbs.  the  same  thing  happened  with  the  right-hand 
skew;  at  9  000  lbs.,  after  3  minutes,  the  cement  cover  on  top  of  the  key 
began  to  rise  away  from  the  surface.  At  10  000  lbs.  this  began  to  crack 
over  the  top  of  the  key;  at  12  000  lbs.  the  left-hand  skewback  began  to 
crack  where  the  lower  hole  went  through  it.  At  12  500  lbs.  the  top 
surface  on  the  key  cracked  very  badly,  and  the  cracks  at  the  skewbacks 
opened  £  in.  each.  At  13  500  lbs.,  after  5.5  minutes,  the  key  at  the 
bottom  cracked  open  f  in.,  and  the  bottom  plaster  began  to  fall  out, 
and  at  failure  the  point  of  the  left-hand  skew  sheared  off,  the  key 
cracked  through  the  middle,  near  the  top  section  opening   about  £ 
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in.,  and  Qear  the  bottom  section  a  crack  opened  that  was  just  per- 
ceptible. 

Tent  No.  101.— This  arch  was  similar  to  the  last.     At   2  260  Lbs.  a 

ciack  opened  on  the  right-hand  side  of  the  bottom  key;  at  10  000  lbs. 
this  eraofe  opened  ^  *u- 5  tDe  top  surface  of  mortar  began  to  spall 
up.  Cracks  appeared  between  the  skew  and  the  first  voussoir  on  the 
left-hand  side.  At  13  000  lbs.  the  crack  in  the  bottom  of  the  key 
opened  \  in.,  and  the  cement  cover  began  rising  on  top  in  the  center. 
At  15  000  lbs.,  after  four  minutes,  the  crack  at  the  center  began 
to  spall,  the  plaster  began  falling  off  at  the  bottom,  and  the  key 
began  to  splinter.  When  failure  occurred  the  arch  was  all  splintered 
on  the  top,  and  when  the  top  was  taken  off  it  was  found  to  have  cracked 
along  the  line  of  the  arch  thrust.  The  maximum  load  was  15  750 
lbs.  The  left-hand  skew  cracked  between  the  two  holes,  shearing  out 
and  dropping  off.  The  first  voussoir  from  the  right-hand  skew  had 
the  bottom  plate  sheared  off  entirely,  all  of  the  cracks  showing  the 
true  arch  action. 

All  of  the  following  tests  were  made  with  hard  tile  arches  laid  up 
without  any  mortar.  A  little  damp  sand  was  used  to  bed  the  skew- 
backs  of  the  side-construction  arches  and  to  even  up  the  top  for  the 
first  plank.  They  were  all  built  between  the  same  pair  of  beams  and 
usually  sagged  a  little  after  the  center  was  struck. 

Test  No.  102. — This  was  of  a  hard  tile  end-construction  arch,  with 
a  side-construction  key,  the  load  being  placed  as  shown  in  Fig.  1, 
Plate  X,  on  the  top  of  the  key.  Immediately  on  the  loading  being 
started,  there  was  a  pinching  in  of  the  key  and  cracking  at  the  point 
where  the  top  of  the  voussoirs  struck  it;  but  the  key  section  of  J-in. 
material  stood  under  the  vertical  load  until  a  maximum  of  3  100 
lbs.  was  reached  after  2.2  minutes.  Data  concerning  this  arch  is  given 
in  Table  No.  3,  page  567. 

Test  No.  103. — This  arch  was  12-in.  end-construction  protection- 
skew  hard  tile;  the  key  block  had  the  corners  chipped  out  as  shown 
in  Fig.  5,  Plate  X ;  the  left  skew  was  the  only  one  that  failed  ;  the 
right-hand  voussoir  which  had  the  numbering  on  cracked  on  top  as 
shown.     The  maximum  load  of  5  000  lbs.  was  reached  in  2.2  minutes. 

Test  No.  104. — This  arch  was  of  the  side-construction  protection- 
skew  hard  tile  block  type  and  failed  under  a  distributed  load  made  as 
shown  in  Fig.  2,  Plate  X,  which  also  shows  the  manner  of  the  failure. 


PLATE   X. 

TRANS.   AM.    SOC.    CIV.   ENGRS. 

VOL.  XXXIV.    No.    769. 
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The  only  block  which  failed  was  the  left-hand  skew,  which  sheared  off 
by  reason  of  the  thrust  of  the  diagonal  piece,  not  being  supported 
by  the  flange  of  the  beam.  The  maximum  pressure  in  this  case, 
3  500  lbs.,  was  reached  in  4  minutes. 

Test  No.  105. — This  arch  was  built  of  the  same  voussoir  blocks  as 
Test  No.  104,  with  a  new  key  block  and  with  plain  skewbacks,  as  shown 
in  Fig.  No.  6,  Plate  X.  The  result  was  that  the  arch  carried  a  load  of 
10  000  lbs.,  and,  when  failure  occurred,  the  left-hand  skew  broke  all  to 
pieces.  The  curve  of  loading  of  Tests  Nos.  104  and  105  is  shown  in 
Fig.  23. 

Test  No.  106. — This  arch  was  of  the  12-in.  end-construction  hard 
tile  protection-skew  type,  loaded  over  10  minutes,  the  maximum  being 
reached  at  4.5  minutes;  the  crown  deflected  about  l£  ins.,  due  to 
the  crushing  in  of  the  material.  At  the  beginning  the  joint  at  the 
bottom  of  the  key  was  open  £  in.  On  the  side  opposite  to  that  shown 
in  Fig.  3,  Plate  X,  it  was  practically  intact,  and,  at  the  time  the 
photograph  was  taken  from  which  the  cut  was  made,  the  arch  was 
carrying  over  8  000  lbs. 

Test  No.  107. — This  was  of  a  12-in.  end-construction  hard  tile  arch, 
which  began  to  spall  on  the  top  at  2  250  lbs. ;  the  west  or  left-hand  skew 
split  at  2  500  lbs. ,  and  the  voussoir  at  the  right-hand  side  of  the  key 
split  at  the  top.     This  arch  is  shown  in  Fig.  7,  Plate  X. 

Test  No.  108. — This  was  of  a  12-in.  end-construction  hard  tile  arch, 
similar  to  the  preceding,  eccentrically  loaded,  the  center  of  the  load 
being  placed  18  ins.  from  the  center  of  the  web  of  one  skewback  beam. 
When  the  load  was  placed  on  this  arch  the  voussoirs  at  the  left-hand 
side  under  the  point  of  application  of  the  load  slipped  past  the  key 
block,  fracturing  and  splintering  it.  Increased  pumping  resulted  in 
no  increase  in  the  pressure.  The  maximum  load  was  3  800  lbs.  After 
it  was  found  that  no  gain  in  pressure  could  be  made  and  that  the 
plunger  had  gone  almost  the  full  length  of  its  travel,  the  load  was 
discontinued  and  many  of  the  voussoir  blocks  were  found  to  be  intact, 
except  for  splintering  on  the  edges.  T  he  curve  of  loads  is  shown  in 
Fig.  24. 

Test  No.  109. — This  arch  was  of  the  8-in.  side-construction  hard 
tile  plain  skewback  type.  It  was  loaded  eccentrically  with  the  center 
of  gravity  of  the  load  placed  18  ins.  to  the  right  from  the  left  skew- 
back  beam,  and  failure  occurred  by  the  shearing  of  the  top  web  at  the 


566  HILL   ON    PIEB-PBOOI    FLOORING    M  ATKIMAL. 

left-hand  edge  of  the  load  block,  as  is  sliown  in  Fig.  4,  Plate  X.  The 
maximum  load  of  1  500  lbs.  was  reached  in  1.2  minutes. 

Test  No.  110. — This  arch  was  similar  to  No.  109,  but  centrally 
loaded.  Failure  occurred  by  the  collapse  of  the  voussoir  next  to  the 
key  at  the  left-hand  end,  or  under  the  edge  of  the  point  of  application 
of  the  load.  The  balance  of  the  arch  remained  intact.  The  maximum 
load  of  2  500  lbs.  was  reached  in  2.7  minutes. 

Test  No.  111. — This  was  made  on  an  arch  two  courses  wide,  of 
blocks  similar  to  those  of  Nos.109  and  110,  with  about  1\  ins.  of  sand 
covering  them;  the  bearing  blocks  were  18  ins.  wide,  4  ft.  4  ins. 
long;  the  lower  edge  of  one  skewback  broke  off  at  9  950  lbs.  Contin- 
ued pumping  resulted  in  a  decrease  in  the  pressure  to  2  500  lbs., 
and  then  the  second  course  tumbled  in.  Fig.  8,  Plate  X,  shows 
how  the  left-hand  skewback  failed  by  shearing  down  at  the  point  of 
junction  of  the  curved  rib  with  the  vertical  and  horizontal  portions. 
This  skew  was  the  only  part  of  the  course  that  was  injured,  which  can 
be  seen  in  the  illustration.     The  curve  of  loads  is  shown  in  Fig.  25. 

Test  No.  112. — This  wras  similar  to  No.  Ill  in  all  particulars ;  the 
loading  was  on  a  plank  10  ins.  wide  and  2  ft.  long,  centrally  applied. 
At  2  000  lbs.  the  bottom  began  to  open  and  there  was  a  little  crush- 
ing at  the  crown;  at  2  500  lbs.,  reached  in  3.4  minutes,  the  voussoirs 
next  to  the  point  of  application  of  the  load  to  the  right  and  the  one 
north  of  it  both  crushed  in,  letting  down  both  courses. 

Test  N~o.  113. — This  test  was  made  on  two  courses  arranged  as  in 
Test  No.  112,  and  eccentrically  loaded.  At  1  250  lbs.  one  of  the  vous- 
soirs east  of  the  wrest  skewback  cracked  through  on  the  edge  near 
the  top.  At  2  000  lbs.  it  was  cracking  off  in  slivers.  When  failure 
occurred,  the  top  voussoir  collapsed  just  to  the  right  of  the  left  skew- 
back.  The  voussoir  immediately  under  the  load  also  fell  in  at  the 
point  of  fracture.  The  maximum  pressure  was  2  750  lbs.,  reached  in 
2.5  minutes. 

It  is  evident  from  Table  No.  3  that  there  are  not  a  sufficient  number 
of  tests  recorded  here  from  which  to  draw  many  general  conclusions 
other  perhaps  than  the  following: 

First. — That  the  side-construction  arch  requires  a  skew  in  which  the 
inclined  member  on  the  line  of  the  arch  thrust  runs  back  to  a  solid 
support  against  either  the  fillet  or  the  flange  of  the  skewback  beam. 

Second. — The   end-construction    arch    requires   good    mortar   and 
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reasonably  good  bedding  to  make  the  joints  which  transmit  the  press- 
ure adequate  to  their  duty,  the  weak  point  being  the  mortar  in  the 
end  joints. 

Third— When  well  bedded,  the  end-construction  arch  is  very  much 
the  stronger. 
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